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SUMMARY 
PART ONE 
A number of mechanisms have been p r o p o s e d f o r t h e r e a r r a n g e m e n t 
of b e n z i l t o b e n z i l i c a c i d i n t h e p r e s e n c e of b a s e . One t y p e of 
mechanism p o s t u l a t e s t h a t t h e r e q u i r e d p r o t o n t r a n s f e r o c c u r s d u r i n g t h e 
r a t e = c o n t r o i l i n g s t e p s which may o c c u r s i m u l t a n e o u s l y w i t h b a s e a t t a c k 
o r may f o l l o w i n i t i a l a t t a c k by t h e b a s e . I n c o n t r a s t t o t h i s . , mechanisms 
have been p r o p o s e d i n which t h e p r o t o n t r a n s f e r f o l l o w s a r a t e - c o n t r o l l i n g 
m i g r a t i o n of t h e pheny l g r o u p . R e g a r d l e s s of t h e mechanism, t h e o v e r a l l 
t r a n s f o r m a t i o n i s t h e f o l l o w i n g ^ 
%
*S i 6 5 
C,H cCOCOC,H c + OH © ,C - C — C,H C 6 5 6 5 I 
0 OH 
I t s h o u l d be p o s s i b l e t o l e a r n w h e t h e r a p r o t o n t r a n s f e r o c c u r s 
i n t h e r a t e ^ c o n t r o l l i n g s t e p by compar ing t h e r a t e s of b a s e = c a t a l y z e d 
r e a r r a n g e m e n t i n l i g h t and heavy w a t e r . These r a t e s were d e t e r m i n e d i n 
t h e p r e s e n t s t u d y . 
The r a t e d e t e r m i n a t i o n s were made i n d i o x a n e - w a t e r s o l u t i o n a t 
t e m p e r a t u r e s n e a r 50°C. The benz i l . was d i s s o l v e d i n d i o x a n e and 
a l l o w e d t o r e a c h b a t h t e m p e r a t u r e . Aqueous b a s e 9 a t b a t h t e m p e r a t u r e ^ 
was added and s a m p l e s were i m m e d i a t e l y w i t h d r a w n t o d e t e r m i n e t h e i n i t i a l 
b a s e c o n c e n t r a t i o n . b y t i t r a t i o n . T h e r e a f t e r , t h e c o u r s e of t h e r e a c t i o n 
was f o l l o w e d by w i t h d r a w i n g s a m p l e s a t i n t e r v a l s and t i t r a t i n g them w i t h 
s t a n d a r d h y d r o c h l o r i c a c i d . 
x i 
P r e l i m i n a r y e x p e r i m e n t s w i t h p r o t i u m o x i d e and sodium h y d r o x i d e 
gave t h e a p p r o x i m a t e r a t e of r e a r r a n g e m e n t and showed t h a t t h i s r a t e was 
n o t changed by u s i n g sodium h y d r o x i d e p r e p a r e d by r e a c t i o n of e l e m e n t a l 
sodium w i t h w a t e r , r a t h e r t h a n by u s i n g c a r b o n a t e - f r e e sodium h y d r o x i d e 
s o l u t i o n . A s o l u t i o n of sodium d e u t e r o x i d e i n heavy w a t e r was p r e p a r e d 
by t h e r e a c t i o n of e l e m e n t a l sodium w i t h an e x c e s s of d e u t e r i u m o x i d e . 
T h i s s o l u t i o n was s t a n d a r d i z e d a g a i n s t h y d r o c h l o r i c a c i d . The r a t e of 
r e a r r a n g e m e n t c a t a l y z e d by sodium d e u t e r o x i d e i n d e u t e r i u m o x i d e was 
m e a s u r e d and found t o be f a s t e r t h a n t h e r a t e of r e a r r a n g e m e n t c a t a l y z e d 
by sodium h y d r o x i d e i n p r o t i u m o x i d e . 
To i n s u r e t h a t s i m i l a r c o n d i t i o n s w e r e u s e d i n d e t e r m i n i n g 
r e l a t i v e r a t e s of r e a c t i o n i n l i g h t and heavy w a t e r , s i m u l t a n e o u s r u n s 
w e r e made u s i n g t h e same b a t h and t h e same r e a g e n t s . P o i n t s from b o t h 
r u n s were t a k e n a t s i m i l a r t i m e s . 
I n a l l c a s e s , i t was found t h a t t h e r e a r r a n g e m e n t showed s e c o n d -
o r d e r k i n e t i c s , b e i n g f i r s t - o r d e r in b e n z i l and f i r s t - o r d e r i n b a s e . 
From t h e r a t e c o n s t a n t s f o r r e a c t i o n , t h e k „ / k n _ r a t i o f o r t h e 
2 2 
b a s e - c a t a l y z e d b e n z i l i c a c i d r e a r r a n g e m e n t was c a l c u l a t e d t o be 0 . 5 2 . 
R e a c t i o n s i n w h i c h bonds t o h y d r o g e n a r e b r o k e n i n t h e r a t e - d e t e r m i n i n g 
s t e p show p r i m a r y d e u t e r i u m k i n e t i c i s o t o p e e f f e c t s t h a t a r e g r e a t e r 
t h a n u n i t y . The s m a l l e s t r e p o r t e d v a l u e f o r r e a c t i o n s of t h i s t y p e 
( o t h e r t h a n some r e a c t i o n s whose r a t e s may be c o l l i s i o n c o n t r o l l e d ) i s 
1 . 3 . R e a c t i o n s i n v o l v i n g p r o t o n t r a n s f e r s i n s t e p s o t h e r t h a n t h e r a t e -
c o n t r o l l i n g s t e p show k „ / k n _ r a t i o s l e s s t h a n u n i t y , due t o t h e i n -
c r e a s e d b a s i c i t y of d e u t e r o x i d e i o n in d e u t e r i u m o x i d e compared t o 
x i i 
h y d r o x i d e i on i n p r o t i u m o x i d e . The k„
 A / k n n r a t i o of 0 . 5 2 o b s e r v e d 
H 2 ° D 2 ° 
i n t h e p r e s e n t s t u d y i s among t h e l o w e s t r e p o r t e d . 
The p o s s i b i l i t y t h a t t h e k^ q / ^ d q r a t i o i n c l u d e d a p r i m a r y 
k i n e t i c i s o t o p e e f f e c t compensa ted by t h e s e c o n d a r y k i n e t i c i s o t o p e ef ­
f e c t i s q u i t e s m a l l . To i n c l u d e a p r i m a r y k i n e t i c e f f e c t of 1,3 ( a 
minimum v a l u e ) t h e s e c o n d a r y s o l v e n t i s o t o p e e f f e c t would be r e q u i r e d t o 
be 0 . 4 1 , a v a l u e lower t h a n any p r e v i o u s l y r e p o r t e d . Hence t h i s p o s s i b i l ­
i t y i s c o n s i d e r e d t o be u n l i k e l y , and t h e p r o t o n t r a n s f e r i n t h e r a t e -
c o n t r o l l i n g s t e p t h a t would be r e s p o n s i b l e f o r a p r i m a r y d e u t e r i u m 
k i n e t i c i s o t o p e e f f e c t , i s c o n s i d e r e d e x t r e m e l y i m p r o b a b l e . 
x i i i 
PART TWO 
For many y e a r s , an e m p i r i c a l e q u a t i o n c a l l e d t h e Hammett e q u a ­
t i o n h a s been u s e d t o c o r r e l a t e r e l a t i v e e q u i l i b r i u m c o n s t a n t s f o r a 
v a r i e t y of o r g a n i c r e a c t i o n s such a s t h e r e a c t i o n s e r i e s ArX^ H ArX^. 
The t erms X^ and X^ r e p r e s e n t d i f f e r e n t g r o u p s , s u c h a s -CO^H, - B r , 
-SO^H, e t c . R e l a t i v e e q u i l i b r i u m c o n s t a n t s can be e x p r e s s e d by t h e 
X X X 
e q u a t i o n l o g (K^ / K q ) = pxGY' t e r m K q i s t h e e q u i l i b r i u m 
X 
c o n s t a n t f o r t h e r e a c t i o n of t h e u n s u b s t i t u t e d compound, and i s t h e 
e q u i l i b r i u m c o n s t a n t f o r t h e r e a c t i o n of t h e compound w i t h a meta or p a r a 
s u b s t i t u e n t Y.- The t e r m i s d e p e n d e n t upon t h e t y p e of r e a c t i o n t h a t 
c h a n g e s X^ t o X^, and (jy i s a c o n s t a n t c h a r a c t e r i s t i c of t h e meta o r 
p a r a Y s u b s t i t u e n t . T h i s e q u a t i o n i s l i m i t e d i n t h a t i t a p p l i e s o n l y t o 
e i t h e r meta or p a r a s u b s t i t u e n t s and n o t t o o y t h o s u b s t i t u e n t s . Thus i t 
i s n o t a p p l i c a b l e t o a l l a r o m a t i c compounds. 
I t h a s r e c e n t l y been shown t h a t i t d o e s n o t a p p l y t o a l l m e t a and 
p a r a s u b s t i t u t e d compounds s i n c e ^ i s r e q u i r e d t o be t h e same f o r b o t h 
c a s e s . A m o d i f i c a t i o n of t h i s e q u a t i o n h a s been p r o p o s e d i n which t h e 
pterm i s t a k e n t o be p r o p o r t i o n a l t o a d i f f e r e n c e i n a v a l u e s f o r 
X^ and X^. The p r o p o r t i o n a l i t y c o n s t a n t can be e x p r e s s e d i n t e r m s of a 
c o n s t a n t , '1*f w h i c h m e a s u r e s t h e t r a n s m i t t a n c e of t h e e f f e c t of a meta 
@r p a r a s u b s t i t u e n t t o t h e r e a c t i o n s i t e . The t a u v a l u e s f o r p e t a and 
p a r a s u b s t i t u e n t s a r e n o t r e q u i r e d t o be e q u a l . The v a l u e of t a u - s h o u l d 
be c o n s t a n t f o r a g i v e n s e t of r e a c t i o n c o n d i t i o n s , b u t c o u l d v a r y w i t h 
t e m p e r a t u r e , i o n i c s t r e n g t h , and t h e n a t u r e and d i e l e c t r i c c o n s t a n t of any 
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s o l v e n t s . For t h e r e a c t i o n s e r i e s 
* -
Y l W l = * " Y 1 W 2 
^
Y 2 C 6 V l = * - Y 2 C 6 H 4 X 2 
i t can be shown t h a t 
K
 -Y 
The t erm js-Y r e f e r s t o a Y s u b s t i t u e n t i n a p o s i t i o n p a r a t o t h e r e a c t i o n 
s i t e , and er i s t h e s u b s t i t u e n t c o n s t a n t f o r s u b s t i t u e n t l o c a t e d p a r a t o 
t h e o t h e r g r o u p p r e s e n t . The t e r m 7^ i s t h e t a u v a l u e f o r g r o u p s 
l o c a t e d p a r a t o e a c h o t h e r . A s i m i l a r e x p r e s s i o n can be w r i t t e n f o r t h e 
meta c a s e . For d i s p r o p o r t i o n a t i o n r e a c t i o n s of t h e t y p e 2C^H^X *~ C^H^ + 
C ^ H ^ ^ , i t has been shown t h a t i f t h e a c t i v i t y c o e f f i c i e n t s of t h e com­
pounds i n s o l v e n t B a r e d e t e r m i n e d w i t h r e f e r e n c e t o a n o t h e r s o l v e n t A, 
B B 
Ph PhX A - 3 2 B 
t h e n log —~ = ( t - *T ) (er v ) . The t e r m f i s t h e a c t i v i t y 
R 2 a L 
(f ) 
c o e f f i c i e n t f o r compound C i n s o l v e n t B w i t h r e f e r e n c e t o s o l v e n t A. T h i s 
work was p e r f o r m e d t o t e s t t h e v a l i d i t y of t h e above e q u a t i o n . 
The a c t i v i t y c o e f f i c i e n t s of b e n z e n e , bromobenzene , m, and j d -
dibromobenzene- , n i t r o b e n z e n e , and m, and j > - d i n i t r o b e n z e n e w e r e d e t e r m i n e d 
i n d e c a l i n w i t h r e f e r e n c e t o t h e v a p o r s t a t e , and in w a t e r w i t h r e f ­
e r e n c e t o t h e v a p o r s t a t e . 
The v a p o r p r e s s u r e s of t h e v a r i o u s m a t e r i a l s a s p u r e s u b s t a n c e s 
X V 
o r s a t u r a t e d s o l u t i o n s i n d e c a l i n were m e a s u r e d and t h e p a r t i a l 
p r e s s u r e s of s o l u t i o n s i n d e c a l i n of known c o n c e n t r a t i o n s were d e t e r m i n ­
ed . Known amounts of n i t r o g e n w e r e s a t u r a t e d w i t h o r g a n i c v a p o r i n a 
s a t u r a t o r immersed i n a c o n s t a n t t e m p e r a t u r e b a t h . The o r g a n i c v a p o r s 
were t h e n c o n d e n s e d and t h e amounts of o r g a n i c m a t e r i a l s p r e s e n t w e r e 
d e t e r m i n e d by w e i g h i n g o r by a n a l y z i n g t h r o u g h u s e of t h e i r u l t r a v i o l e t 
a b s o r p t i o n s p e c t r a . The s o l u b i l i t i e s of t h e s e m a t e r i a l s i n d e c a l i n w e r e 
d e t e r m i n e d and t h e i r s o l u b i l i t i e s i n w a t e r were known from e a r l i e r work . 
I f t h e g a s e o u s s t a t e i s t a k e n a s t h e r e f e r e n c e s t a t e t h e a c t i v i t y 
c o e f f i c i e n t s i n d e c a l i n s o l u t i o n w i t h r e f e r e n c e t o t h e v a p o r s t a t e can 
be c a l c u l a t e d by d i v i d i n g t h e p a r t i a l p r e s s u r e of t h e — s u b s t a n c e i n a 
d e c a l i n s o l u t i o n of known c o n c e n t r a t i o n by t h e c o n c e n t r a t i o n of t h e 
s o l u t i o n . The a c t i v i t y c o e f f i c i e n t of a s u b s t a n c e i n w a t e r w i t h r e f ­
e r e n c e t o thfe v a p o r s t a t e can be o b t a i n e d - by d i v i d i n g t h e v a p o r 
p r e s s u r e of t h e p u r e m a t e r i a l by t h e c o n c e n t r a t i o n of a s a t u r a t e d s o l u ­
t i o n i n w a t e r . 
.
 f PhX f P h X .
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P l o t s of t h e t e r m l o g , £ v s „ < j w e r e made 
? x 
< W 
from a c t i v i t y c o e f f i c i e n t s c a l c u l a t e d i n t h e above m a n n e r . T h i s s h o u l d 
y i e l d a s t r a i g h t l i n e , p a s s i n g t h r o u g h t h e o r i g i n , whose s l o p e was t h e 
d i f f e r e n c e i n t a u v a l u e s f o r t h e two media b e i n g c o n s i d e r e d . I t was 
found t h a t a g r e e m e n t was o b s e r v e d i n a l l b u t one c a s e , where t h e c o m p l i ­
c a t i o n of s o l v e n t - s o l u t e i n t e r a c t i o n may e x i s t . The t a u d i f f e r e n c e s 
be tween media w e r e found t o be no l a r g e r t h a n t h e u n c e r t a i n t y of t h e 
v a l u e i n a q u e o u s s o l u t i o n . 
x v i 
The a c t i v i t y c o e f f i c i e n t r a t i o s found i n t h e p r e s e n t work , b e i n g 
numbers g r e a t e r t h a n u n i t y , i n d i c a t e t h a t s e p a r a t i o n of g r o u p s by l o c a t ­
i n g them i n meta and p a r a p o s i t i o n s on a b e n z e n e r i n g does n o t s e p a r a t e 
them s u f f i c i e n t l y t o be i n d e p e n d e n t of e a c h o t h e r . Were t h i s t h e c a s e , 
t h e a c t i v i t y c o e f f i c i e n t r a t i o s would be u n i t y . These d i f f e r e n c e s from 
u n i t y a r e c o r r e l a t e d w i t h r e a s o n a b l e a c c u r a c y by t h e above e q u a t i o n s . 
PART ONE 
THE MECHANISM OF THE BENZ'ILIC ACID REARRANGEMENT 
CHAPTER I 
INTRODUCTION 
A number of i n v e s t i g a t o r s (1 ) have p r o p o s e d t h a t t h e mechanism 
f o r t h e r e a r r a n g e m e n t of b e n z i l t o b e n z i l i c a c i d i n t h e p r e s e n c e of b a s e 
O t t and Smi th (2 ) p r o p o s e d a c o n c e r t e d mechanism where b a s e a t t a c k c a u s e s 
t h e f o r m a t i o n of b e n z i l i c a c i d i n one s t e p w i t h o u t t h e f o r m a t i o n of i n t e r ­
m e d i a t e s s u c h a s I , The c o n c e r t e d mechanism h a s been shown t o be im­
p r o b a b l e by t h e r e p o r t of R o b e r t s and Urey (3 ) t h a t b e n z i l u n d e r g o e s a 
18 
b a s e - c a t a l y z e d 0 e x c h a n g e . Arguments t h a t p r o t o n t r a n s f e r must be a 
p a r t of t h e i r a t e - c o n t r o l l i n g s t e p b e c a u s e of t h e l a c k of s i m i l a r p r o d u c t s 
from t h e r e a c t i o n of b e n z i l and a l k o x i d e i o n s have been d i s c o u n t e d , by t h e 
work of D o e r i n g and Urban (4)«. They have a l s o shown t h a t sodium m e t h o x i d e and 
1 . A. M i c h a e l , . J.. Am,, Chem. ^flfi.., A £ , 787 ( 1 9 2 0 ) ; M. T. C l a r k , 
E. C. H e n d l e y , and 0 . K. N e v i l l e , JJfcM., 2 Z , 3280 ( 1 9 5 5 ) . 
2,. D. G. O t t and G. C. S m i t h , j J i i i . . , 2 1 , 2325 ( 1 9 5 5 ) . 
3 . I . R o b e r t s and H. C. U r e y , i b i d . . M , 880 ( 1 9 3 8 ) . 
4 . W. v . E. D o e r i n g and R. S. U r b a n , i b i d . , 7 8 , 5938 ( 1 9 5 6 ) . 
i n v o l v e s t h e r p i g r a t i o n of a p h e n y l g r o u p accompanied by t h e m i g r a t i o n 
of an oxygen-bound h y d r o g e n a t o m . 
I 
2 
p o t a s s i u m _£-butoxide do g i v e t h e c o r r e s p o n d i n g b e n z i l i c a c i d e s t e r s , arid 
t h e r e a c t i o n of b e n z i l w i t h sodium e t h o x i d e i s c o m p l i c a t e d by h y d r i d e 
i on t r a n s f e r . 
I n o r d e r t o g a i n f u r t h e r i n s i g h t i n t o t h e p r o t o n t r a n s f e r s t e p , 
i t was d e c i d e d t o i n v e s t i g a t e t h e d e u t e r i u m k i n e t i c i s o t o p e e f f e c t . 
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C h a p t e r I I 
EXPERIMENTAL • 
Equipment Used 
The f i r s t k i n e t i c r u n s were made i n g l a s s f l a s k s . When i t b e ­
came a p p a r e n t t h a t t h e r e was c o n s i d e r a b l e a t t a c k on t h e g l a s s by t h e 
b a s e u s e d , a change was made and p o l y e t h y l e n e b o t t l e s w i t h r u b b e r 
s t o p p e r s were u s e d f o r t h e r e m a i n d e r of t h e r u n s . 
The r e a c t a n t s were k e p t a t a c o n s t a n t t e m p e r a t u r e by t h e u s e of 
a w a t e r - f i l l e d c o n s t a n t t e m p e r a t u r e b a t h . The t e m p e r a t u r e of t h e b a t h 
was d e t e r m i n e d by t h e u s e of a t h e r m o m e t e r c a l i b r a t e d by t h e U n i t e d 
S t a t e s Bureau of S t a n d a r d s . I t was d e s i r e d t h a t a l l r u n s be p e r f o r m e d 
a t 50°C, b u t i n l a t e r " r u n s , t h e t e m p e r a t u r e was a s low a s 4 9 . 5 ° C . The 
r u n s u s i n g d e u t e r i u m o x i d e and sodium d e u t e r o x i d e were made s i m u l ­
t a n e o u s l y w i t h r u n s u s i n g p r o t i u m o x i d e and sodium h y d r o x i d e and t h e 
t e m p e r a t u r e d i d n o t v a r y w i t h i n such r u n s . . Thus a v a l i d c o m p a r i s o n 
of r e a c t i o n r a t e s was o b t a i n e d . 
P r o c e d u r e 
P r e p a r a t i o n f o r a R u n . - - T h e b e n z i l on h a n d , a f t e r r e c r y s t a l l i z a t i o n 
from e t h a n o l , was d i s s o l v e d i n b e n z e n e arid washed w i t h &n aqueous s o l u ­
t i o n of b a s e . The b e n z e n e s o l u t i o n was t h e n washed w i t h w a t e r and 
e v a p o r a t e d u n t i l c r y s t a l l i z a t i o n b e g a n . C o o l i n g b r o u g h t c r y s t a l s 
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( m . p . 9 , o . 0 - 9 t . 5 < > C , u n c a l i b r a t e d t h e r m o m e t e r ) t h a t w e r e f i l t e r e d and 
s t o r e d in a d e s i c c a t o r over c a l c i u m c h l o r i d e . The m a t e r i a l s t i l l a p ­
p e a r e d t o c o n t a i n a p p r o x i m a t e l y one p e r c e n t of an a c i d i c i m p u r i t y . The 
i m p u r i t y c o u l d n o t be removed by r e p e a t i n g t h e b a s e wash and f i l t r a ­
t i o n u n d e r an a t m o s p h e r e of d r y n i t r o g e n . 
The d i o x a n e used was p u r i f i e d by t h e method of F i e s e r . (6») 
The b a s e u s e d was p r e p a r e d i n s e v e r a l f a s h i o n s . E a r l y r u n s u s e d 
c a r b o n a t e - f r e e sodium h y d r o x i d e s o l u t i o n s t a n d a r d i z e d a g a i n s t h y d r o ­
c h l o r i c a c i d t o t h e p h e n o l p h t h a l e i n end p o i n t . L a t e r , when r u n s w e r e 
made s imultaneously in l i g h t and heavy w a t e r , the base s o l u t i o n s used 
were p r e p a r e d by t h e r e a c t i o n of m e t a l l i c sodium w i t h p r o t i u m o x i d e and 
d e u t e r i u m o x i d e . Each was s t a n d a r d i z e d w i t h t h e same h y d r o c h l o r i c a c i d 
s o l u t i o n t o t h e p h e n o l p h t h a l e i n end p o i n t . 
The p o l y e t h y l e n e b o t t l e u s e d was j u s t l a r g e enough t o accomodate 
t h e r e a c t a n t s . When a c o n s i d e r a b l y l a r g e r b o t t l e was u s e d , l o s s of 
s o l v e n t , a p p a r e n t l y m o s t l y d i o x a n e , c a u s e d t h e s e p a r a t i o n of a s o l i d 
m a t e r i a l a f t e r t h e f i r s t few p o i n t s were t a k e n . T h i s was accompanied 
by a r i s e i n t h e r a t e c o n s t a n t . With t h e s m a l l e r b o t t l e , however , t h e 
s o l u t i o n r e m a i n e d c l e a r u n t i l n e a r t h e end of t h e r e a c t i o n , and no 
1 
The l i t e r a t u r e v a l u e f o r t h e m . p . of b e n z i l i s 95°C, (5), 
5 . N. A. L a n g e . Handbook of C h e m i s t r y . 7 t h e d . , Handbook 
P u b l i s h e r s , I n c . , S a n d u s k y , O h i o , 1949, p . 386. 
6. L. F . F i e s e r . E x p e r i m e n t s in O r g a n i c C h e m i s t r y . 3rd e d . , 
D. C. Heath and C o . , B o s t o n , M a s s a c h u s e t t s , 1955, p , 285 . 
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c o r r e s p o n d i n g r i s e i n t h e r a t e c o n s t a n t was o b s e r v e d . Only i n t h e f i r s t 
d e t e r m i n a t i o n of t h e r a t e c o n s t a n t a t 50°C was a measurement from a n o n -
homogeneous s o l u t i o n u s e d t o c a l c u l a t e t h e a v e r a g e v a l u e f o r t h e r a t e 
c o n s t a n t . 
D e s c r i p t i o n of a T y p i c a l R u n . . - - E i g h t y m i l l i l i t e r s of d i o x a n e was 
p i p e t t e d u n d e r n i t r o g e n i n t o t h e b o t t l e which a l r e a d y c o n t a i n e d a w e i g h ­
ed amount of b e n z i l . The b o t t l e was p l a c e d i n t h e c o n s t a n t t e m p e r a t u r e 
b a t h and a l l o w e d t o r e a c h b a t h t e m p e r a t u r e . A f t e r a b o u t twenty m i n u t e s , 
40 ml . of t h e b a s e , a t b a t h t e m p e r a t u r e , was p i p e t t e d i n t o t h e b o t t l e 
and t h e c o n t e n t s shaken t h o r o u g h l y . Two t e n - m i H i l i t e r s a m p l e s were 
t h e n w i t h d r a w n and p i p e t t e d i n t o c o l d a c e t o n e . Th i s s e r v e d t o s t o p 
f u r t h e r r e a c t i o n and s e r v e d a s a c o s o l v e n t t o keep t h e u n r e a c t e d b e n z i l 
i n s o l u t i o n d u r i n g t i t r a t i o n . The s a m p l e s were t h e n t i t r a t e d w i t h 
s t a n d a r d h y d r o c h l o r i c a c i d w i t h i n f i v e m i n u t e s . The a v e r a g e t i t e r of 
t h e two s a m p l e s was t a k e n a s t h e z e r o t i m e t i t e r f o r t h e b a s e p r e s e n t , 
and t h e a v e r a g e t ime of w i t h d r a w a l a s t h e z e r o t ime f o r t h e r e a c t i o n . 
T h e r e a f t e r , t e n - m i l l i l i t e r s a m p l e s were w i t h d r a w n a t v a r i o u s 
i n t e r v a l s of t ime and t r e a t e d , i n s i m i l a r f a s h i o n . I n g e n e r a l , s a m p l e s 
w e r e w i t h d r a w n w h i l e a s t r e a m of n i t r o g e n was p a s s e d o v e r t h e r e a c t i o n 
b o t t l e . I n t h e c a s e s where t h i s was n o t d o n e , however , no d i f f e r e n c e 
i n r a t e c o n s t a n t was o b s e r v e d . 
I n o r d e r t o c a l c u l a t e t h e c o n c e n t r a t i o n of b e n z i l c o r r e c t l y i t 
was n e c e s s a r y t o d e t e r m i n e t h e e x p a n s i o n of t h e d i o x a n e w h i l e r e a c h i n g 
b a t h t e m p e r a t u r e and t h e d e c r e a s e i n t o t a l volume when d i o x a n e and t h e 
aqueous' b a s e we're mixed . A b l a n k was- r u n oh the' d i o x a n e and b a s e w i t h 
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no b e n z i l p r e s e n t . A m i x t u r e of 80 m l . of d i o x a n e and 40 ml . of 
0 . 1 1 2 8 H sodium h y d r o x i d e was a l l o w e d t o r e a c h b a t h t e m p e r a t u r e . Two 
15 ml . samples were w i t h d r a w n and p i p e t t e d i n t o 10 ml . samples of c o l d 
a c e t o n e . These w e r e t h e n t i t r a t e d w i t h 0 . 1 2 4 6 N. h y d r o c h l o r i c a c i d , 
and r e q u i r e d 4 . 3 9 ml . and 4 . 4 1 ml . f o r n e u t r a l i z a t i o n t o t h e p h e n o l -
p h t h a l e i n end p o i n t , The* a v e r a g e t i t e r was 4 . 4 0 ml . A t i t e r of 4 . 5 3 m l . 
was c a l c u l a t e d on t h e b a s i s of t h e a s s u m p t i o n t h a t t h e r e i s no change 
i n t h e t o t a l volume e i t h e r when t h e a q u e o u s s o l u t i o n and d i o x a n e a r e 
mixed or when t h e m i x t u r e i s h e a t e d . Thus a m i x t u r e of 80 ml . of 
d i o x a n e and 40 m l . of b a s e g i v e a volume of 120 .0 x ( 4 . 5 3 / 4 . 4 0 ) 
123 .5 ml . a t 50°C. The c o n c e n t r a t i o n of b e n z i l a t z e r o t i m e was 
c a l c u l a t e d i n t h e f o l l o w i n g way. I n a t y p i c a l r u n , 1 .6830 grams of 
b e n z i l (mol . w t . = 2 1 0 . 2 ) was weighed i n t o a b o t t l e and t h e d i o x a n e 
and b a s e a d d e d . The volume of t h e s o l i d b e n z i l was 1 .6830 g . / 1 . 2 3 g. / 
ml . = 1.37 m l . Assuming t h e volume of t h e s o l u t i o n i n c r e a s e d by 
t h a t amount,, t h e o r i g i n a l c o n c e n t r a t i o n of b e n z i l was ( 1 . 6 8 3 0 / 2 1 0 . 2 ) x 
[ 1 0 0 0 / ( 1 2 3 . 5 + 1 . 3 7 ) ] = 0 . 0 6 4 1 M. 
T h i s b e n z i l c o n c e n t r a t i o n was f u r t h e r c o r r e c t e d f o r t h e a c i d 
i m p u r i t y and r e a c t i o n b e f o r e z e r o t i m e . The 0 . 1 2 4 6 M a c i d t i t e r (no 
b e n z i l p r e s e n t ) was 4 . 4 0 m l . x ( 1 2 0 . 0 / 1 2 1 . 3 7 ) = 4 . 3 5 m l . S u b t r a c t ­
ing t h e z e r o t i m e t i t e r v a l u e of 4 . 1 6 m l . from t h i s g i v e s a change i n 
a c i d t i t e r due t o r e a c t i o n or i m p u r i t y of 0 . 1 9 2 m l . The 0 . 1 9 2 m l . of 
0 . 1 2 4 6 N. a c i d c o n t a i n s 0 . 0239 i meq . of a c i d , w h i c h i n 121 .37 ml . of 
s o l u t i o n would r e s u l t i n a c o n c e n t r a t i o n change of 0 . 0002 M. The 
c o r r e c t e d b e n z i l c o n c e n t r a t i o n i s 0 . 0 6 4 1 M - 0 . 0 0 0 2 M = 0 .0639 M. I n 
no c a s e was t h e t o t a l c o r r e c t i o n more t h a n f o u r p e r c e n t . 
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CHAPTER I I I 
RESULTS 
Summary of R e s u l t s . — - T h e d a t a f o r i n d i v i d u a l r u n s a r e g i v e n i n t h e 
a p p e n d i x . A l l p r e v i o u s work i n d i c a t e s t h e r e a c t i o n f o l l o w s s e c o n d -
o r d e r k i n e t i c s , b e i n g f i r s t - o r d e r i n b e n z i l and f i r s t - o r d e r i n b a s e . 
I n such a c a s e , k, t h e s e c o n d - o r d e r r a t e c o n s t a n t i s g i v e n by t h e 
e q u a t i o n 
where a and b a r e t h e m o l a r c o n c e n t r a t i o n s of r e a c t a n t s a t z e r o t i m e , t 
i s t h e t ime e l a p s e d s i n c e t h e z e r o t ime was d e t e r m i n e d , and (a - x) 
and (b - x) a r e t h e c o n c e n t r a t i o n s of t h e r e a c t a n t s a t t ime t . The 
v a l u e of x was found by s u b t r a c t i n g t h e number of m i l l i e q u i v a l e n t s of 
b a s e a t t ime t from t h e number found a t z e r o t i m e and d i v i d i n g by t h e 
volume of t h e s a m p l e . V a l u e s of k so c a l c u l a t e d a r e g i v e n i n t h e 
t h i r d column of e a c h t a b l e i n t h e a p p e n d i x . The r e s u l t s of t h e v a r i o u s 
r u n s a r e g i v e n i n T a b l e 1. 
D i s c u s s i o n of S i m u l t a n e o u s R u n s . — T h e mos t c o n c l u s i v e d e t e r m i n a t i o n s 
were o b t a i n e d by making s i m u l t a n e o u s r u n s i n l i g h t and heavy w a t e r . 
These w e r e t h e r u n s made a t 49.5°C and 49.8°C shown i n T a b l e U% * 
The b e n z i l u s e d i n t h e s e c a s e s was o b t a i n e d from t h e same c o n t a i n e r 
a f t e r t h e s o l i d had been t h o r o u g h l y mixed t o i n s u r e t h a t i d e n t i c a l 
samples c o u l d be o b t a i n e d . D u r i n g t h e r u n s , s a m p l e s w e r e t a k e n from 
k 
t ( a - b) a ( b - x) 
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T a b l e 4. 
R e a c t i o n of B e n z i l w i t h A l k a l i i n 66 2 / 3 p e r c e n t Dioxane - 33 1/3 p e r 
c e n t Water by Volume 
Temp.,°C Water k x LO 1 . mole h r . k x 10 1 . mole s e c . 
u s e d 
49 .5°C D 2Q 5.. 369 0 . 0 2 8 14 .91 ± 0 . 0 8 
49 .5°C H 2 0 2 .915 + 0 . 0 3 3 8 . 1 1 _+ 0 . 1 0 
49o8°C D 2 0 5 .840 ± 0 . 0 1 1 16 .22 _+ 0 . 0 3 
49 .8°C H 2Q 3 .127 ± 0 . 0 0 7 8 . 6 7 _+ 0 . 0 2 
5 0 ° C a H2Q 3 . 5 0 1 ± 0 . 0 8 7 9 . 7 2 ± 0 . 2 4 
50°C H 2 0 3 . 6 1 3 ± 0 , 1 2 3 10 .04 ± 0 . 3 5 
50°C H 2 0 3 .592 0 . 1 1 4 . 9 . 9 8 ± 0 . 3 2 
50.6°C D2© 6 .761 ± 0 . 1 8 7 18 .78 0 . 5 2 
a 
T h i s r u n u s e d 60 p e r c e n t d i o x a n e - 4 Q p e r ce&t w a t e r a s a 
s o l v e n t . 
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b o t h r e a c t i o n v e s s e l s and t i t r a t e d a t v i r t u a l l y t h e same t ime e x c e p t f o r 
t h e f i r s t p o i n t of t h e d e u t e r i u m s y s t e m . 5e .Gau .se of t h e f a s t e r r a t e of r e ­
a c t i o n i n heavy w a t e r , d e t e r m i n a t i o n s were begun on t h e r u n s i n heavy 
w a t e r b e f o r e t h e y were begun on t h e r u n s in l i g h t w a t e r . The same h y d r o ­
c h l o r i c a c i d was u s e d f o r b o t h t i t r a t i o n s w h i c h were made w i t h o u t r e ­
f i l l i n g t h e b u r e t . 
D i f f i c u l t y was e n c o u n t e r e d i n r e g u l a t i o n of t h e b a t h t e m p e r a t u r e . 
A l t h o u g h t h e t e m p e r a t u r e d i d n o t v a r y w i t h i n a r u n , i t d i d v a r y from 
one r u n t o a n o t h e r , and v a r i a t i o n s i n r a t e c o n s t a n t s were e n c o u n t e r e d . 
However,, s i n c e t h e p r o t i u m and d e u t e r i u m r u n s were made s i m u l t a n e o u s l y , 
a v a l i d c o m p a r i s o n of r a t e c o n s t a n t s i s p o s s i b l e , r e g a r d l e s s of t h e 
a c t u a l t e m p e r a t u r e of t h e r u n . 
D e t e r m i n a t i o n of S o l v e n t E f f e c t . — T h e r e a c t i o n r a t e was m e a s u r e d i n a 
somewhat d i f f e r e n t s o l v e n t m i x t u r e 60 p e r c e n t d i o x a n e - 4 0 p e r c e n t 
w a t e r t o d e t e r m i n e w h e t h e r t h e d i f f e r e n c e s o b s e r v e d i n t h e r e a c t i o n r a t e s 
i n l i g h t and heavy w a t e r c o u l d be due t o d i f f e r e n c e s i n m o l a l volume of 
d e u t e r i u m and pVotium o x i d e o r due t o s m a l l amounts of d i f f e r e n t i a l 
e v a p o r a t i o n . The s o l v e n t e f f e c t i s shown n o t t o be l a r g e s i n c e r e a c t i o n 
r a t e s i n 60 p e r c e n t d i o x a n e and 66 2 /3 p e r c e n t d i o x a n e d i f f e r by l e s s 
t h a n t h r e e p e r c e n t . 
A p p l i c a t i o n of R e s u l t s . - - F r o m t h e r e s u l t s of t h e p r e s e n t work , i t seems 
i m p r o b a b l e t h a t t h e b e n z i l i c a c i d r e a r r a n g e m e n t i n v o l v e s a p r o t o n t r a n s ­
f e r i n t h e r a t e ~ c o n t r o l l i n g s t e p . The most p r o b a b l e mechanism i s one 
s u g g e s t e d by I n g o l d (7) i n w h i c h t h e m i g r a t i o n of t h e p h e n y l g r o u p i s 
7. C. K. I n g o l d , . Aaa . R e p t . Chem. S o £ . , 2 i , 124 ( 1 9 2 8 ) ; M, 
ill ( 1 9 3 3 ) . 
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t h e r a t e c o n t r o l l i n g s t e p . The p r o t o n t r a n s f e r f o l l o w s t h i s s t e p . 
+ OH*" £ 10 - C ^ C -C.H.COCOC.H. 6 5 6 5 
1 
<- 0 = C 
0 
S i n c e t h e r a t e of r e a r r a n g e m e n t i n d e u t e r i u m o x i d e - s o d i u m 
d e u t e r o x i d e i s a l m o s t t w i c e a s f a s t a s i n p r o t i u m o x i d e - s o d i u m h y d r o x - -
i d e i t seems i m p r o b a b l e t h a t an o x y g e n - h y d r o g e n bond i s b r o k e n i n t h e r a t e 
d e u t e r i u m k i n e t i c i s o t o p e e f f e c t s . A l l of t h e s e d a t a g i v e ku/kn r a t i o s 
H D 
t h a t a r e g r e a t e r t h a n u n i t y , w i t h t h e s m a l l e s t example c i t e d ( o t h e r t h a n 
t h o s e found i n c e r t a i n p r o c e s s e s s u c h a s t h e r e a c t i o n of a G r i g n a r d 
r e a c t i o n w i t h an a l c o h o l t h a t may be d i f f u s i o n c o n t r o l l e d ) b e i n g 1 , 3 . 
g r e a t e r b a s i c i t y of d e u t e r o x i d e i o n s o v e r h y d r o x i d e i o n s . T h i s s e c o n d a r y 
i s o t o p e e f f e c t i s shown i n two t y p e s of r e a c t i o n , B a l l i n g e r and Long (9 ) 
have found t h a t i n t h e r e a c t i o n of b a s e w i t h e t h y l e n e c h l o r o h y d r i n , 
k u / k n = 0 . 8 4 . T h i s i l l u s t r a t e s r e a c t i o n s i n w h i c h t h e b a s e s e r v e s t o 
rl U 
remove a p r o t o n from a Brc^nsted a c i d . The b a s e c a t a l y z e d h y d r o l y s i s of 
c o n t r o l l i n g s t e p , Westhe imer (8) g i v e s c o n s i d e r a b l e d a t a a b o u t p r i m a r y 
The k / k r a t i o , i s i n a c c o r d w i t h a number of examples of t h e 
8 . F . H. W e s t h e i m e r . Chem,, R e v s , . 6 1 . 265 ( 1 9 6 1 ) . 
9 . P . B a l l i n g e r and F . A. Long, ,J. . Am. Chem. S o c . . , 8 1 . .2347 
( 1 9 5 9 ) . 
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e s t e r s i s s i m i l a r t o t h e b e n z i l i c a c i d r e a r r a n g e m e n t i n t h a t b a s e a t t a c k 
i n v o l v e s t h e d i s p l a c e m e n t of an e l e c t r o n p a i r toward a c a r b o n y l oxygen. 
Bunton and S h i n e r (10) c i t e k._ / k n rt v a l u e s of 0 . 6 3 , 0 . 7 3 , and 0 . 5 0 f o r 
t h e a l k a l i n e h y d r o l y s i s of e t h y l a c e t a t e , e t h y l f o r m a t e , and _ t - b u t y l 
a c e t a t e , r e s p e c t i v e l y . 
The k / k n r a t i o of 0 . 5 4 o b t a i n e d i n t h e b a s e - c a t a l y z e d b e n z i l i c 
a c i d r e a r r a n g e m e n t r e n d e r s e x t r e m e l y u n l i k e l y t h e p o s s i b i l i t y t h a t t h e 
r a t e c o n t r o l l i n g s t e p i n v o l v e s a p r o t o n t r a n s f e r . I t does n o t r u l e i t 
o u t e n t i r e l y . However, t h e k / k n r a t i o of 0 . 5 4 i s a l r e a d y among t h e 
l o w e s t v a l u e r e p o r t e d . I f t h i s were due t o a s e c o n d a r y i s o t o p e e f f e c t 
p a r t i a l l y c o m p e n s a t e d f o r by a s m a l l p r i m a r y i s o t o p e e f f e c t , t h e s e c o n d a r y 
i s o t o p e e f f e c t would be required^ t o be even l a r g e r . I f t h e s m a l l e s t 
r e p o r t e d p r i m a r y i s o t o p e e f f e c t of 1.3( (8) were a p p l i e d t o t h e k / k r a t i o 
rl U 
of 0 . 5 4 o b t a i n e d h e r e , i t would r e q u i r e t h a t t h e s e c o n d a r y i s o t o p e e f f e c t 
be 0 . 4 1 . T h i s i s lower t h a n any v a l u e so f a r r e p o r t e d . Thus i t i s s e e n 
t h a t t h e p r e s e n c e of a p r i m a r y { e m e t i c i s o t o p e e f f e c t i s r u l e d v e r y u n ­
l i k e l y , and t h e r e f o r e a p r o t o n t r a n s f e r i n t h e r a t e c o n t r o l l i n g s t e p i s 
a l s o u n l i k e l y . 
The o b s e r v e d r a t e d i f f e r e n c e does n o t r u l e o u t t h e p o s s i b i l i t y 
of an i n t e r m e d i a t e such a s 
0 © 0H 
I I 
C,,H_ — C — C = C ^  H _ 6 5 j 6 5 
0 © 0 
10. C. A. Bunton and V. J . S h i n e r , i b i d . . 8 3 . 3207 ( 1 9 6 1 ) . 
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w h i c h c o u l d be i n e q u i l i b r i u m w i t h t h e r e a c t a n t s . The p o s s i b i l i t y of 
t h i s a s an i n t e r m e d i a t e i s shown t o be s m a l l by Doer ing and Urban (4 ) 
who found t h a t t h e r e a c t i o n of b e n z i l w i t h sodium m e t h o x i d e or p o t a s s i u m 
_ t - b u t o x i d e g i v e s t h e c o r r e s p o n d i n g b e n z i l i c a c i d e s t e r s . 
CHAPTER IV 
CONCLUSION 
The mechanism f o r t h e b a s e - c a t a l y z e d b e n z i l i c a c i d r e a r r a n g e ­
ment t h a t was p r o p o s e d by I n g o l d (7 ) 
C.H, 
C,KCC0COC,H. + OH «- |0 - C — C - C.H C 6 5 6 5 , Jf 6 5 
101 £ 01 
S H 
x \ fo 5 v j 6 5 
Q "C € £ H e V 0 - C — C C,H C 
W
 ^ I 6 5 * | 6 5 
0 ' x OH 101 101© 
i s s u p p o r t e d by t h e o b s e r v e d r a t i o of r a t e s of r e a c t i o n i n l i g h t and heavy 
w a t e r . 
Mechanisms t h a t i n v o l v e p r o t o n t r a n s f e r i n t h e r a t e - c o n t r o l l i n g 
s t e p a r e shown t o be q u i t e i m p r o b a b l e by t h e a p p a r e n t l a c k of p r i m a r y 
d e u t e r i u m k i n e t i c i s o t o p e e f f e c t . 
APPENDIX 
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T a b l e 2 
[ B e n z i l ] = 0 .05304 [Na0H] Q = 0 . 0 3 3 9 6 
t ime n hr s , TNaOHl 
17 .0 
21 .77 
25 .75 
28 .05 
4 1 . 8 5 
6 6 . 5 5 
0 .02567 
0 .02335 
, 0 .02157 
0 .02051 
0.01.749 
0 .01340 
[ B e n z i l ] = 0 . 0 4 9 1 1 J o 
t i m e , h r s . 
2 2 . 7 
31 .92 
4 4 . 6 8 
5 1 . 3 3 
6 9 . 3 3 
77 .18 
[NaOH] 
0 .02296 
0 .01972 
0 .01752 
0 .01549 
0 .01305 
0 .01164 
3 .384 
3 .636 
3 . 8 4 3 
3 .697 
3 . 6 5 6 
3 .462 
Av. 3 . 6 1 3 ± 0 . 1 2 3 
[ N a 0 H ] Q = 0 .03247 
k x 10 1 . mole 1 h r . 1 
3 . 4 9 3 
3 .729 
3 .417 
3 . 6 9 4 
3 .522 
3 .694 
Av, 3 . 5 9 2 ± 0 . 1 1 4 
R e a c t i o n of B e n z i l w i t h Sodium H y d r o x i d e i n 66 2 / 3 p e r c e n t Dioxane -
33 1/3 p e r c e n t Water a t 50°C. 
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T a b l e 3 
[ B e n z i l ] Q = 0 .05340 [Na0D] Q = 0 .04234 
TNaODl k. x 10 1 . m o l e " 1 h r . " 1 
0 .02424 s 7 .097 
0 .01929 6 .778 
0 .01600 6 .988 
0 .01401 6 .573 
0 .01297 6 .454 
0 .01040 6 .694 
Av. 6 .761 ± 0 . 1 8 7 
R e a c t i o n of B e n z i l w i t h Sodium D e u t e r o x i d e i n 66 2 / 3 p e r c e n t Dioxane -
33 1/3 p e r c e n t D e u t e r i u m Oxide a t 50 .6°C 
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T a b l e 4 
R e a c t i o n of B e n z i l w i t h A l k a l i i n 66 2 / 3 p e r c e n t Dioxane - 33 1/3 
p e r c e n t W a t e r . S i m u l t a n e o u s Runs a t 4 9 . 5 ° C . 
[ B e n z i l ] 0 .06639 ^NaOD] = 0 . 0 4 2 7 8 
*•
 J o 
w a t e r u s e d t i m e . h r s . TNaODl k x 10 1 . mole 1 h r . 1 
D 2 0 9 .67 0 .03117 5 .367 
D 2 0 2 1 . 4 0 .02270 5 .419 
D 2 0 2 7 . 5 0 . 0 1 9 6 3 5 . 4 0 1 
D 2 0 4 5 . 8 3 0 .01335 5 .350 
D 2 0 51 .25 0 . 0 1 2 0 6 5 . 3 3 1 
D 2 0 54 .94 0 . 0 1 1 2 2 5 .344 
Av. 5 .369 ± 
w a t e r u s e d 
[ B e r t z i l ] Q = 
t i m e , h r s . 
0 . 0 5 6 8 6 
[NaOH] 
[Na©H]Q - 0 . 0 3 2 0 1 
k x 10 1 . mole h r . 1 
H 2 0 2 2 . 3 1 0 . 0 2 2 8 3 2 . 9 2 3 
H 2 0 2 8 . 2 8 0 . 0 2 0 8 3 2 .992 
H 2 0 4 6 . 4 2 0 . 0 1 6 7 8 2 .899 
H 2 0 5 2 . 3 1 0 .01640 2 .908 
H 2 0 5 5 . 9 4 0 .01514 2 .854 
Av. 2 .915 + 0 . 0 3 3 
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R e a c t i o n s a t 49 .8°C.-— S i m u l t a n e o u s r u n s w e r e made a t t h i s t e m p e r a t u r e 
f o r t h e p u r p o s e of c h e c k i n g t h e f i r s t p a i r of s i m u l t a n e o u s r u n s . Only 
two p o i n t s were t a k e n f o r e a c h . The a v e r a g e r a t e c o n s t a n t s a r e shown 
b e l o w , b u t t h e p r i m a r y d a t a have been l o s t . 
k D ! 0 x 10 1 . m o l e " 1 h r „ ~ L = 5 .840 ± 0 . 0 1 1 
k u . x 10 1 . m o l e " 1 h r , , " 1 = 3 .127 ± 0 . 0 0 7 
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T a b l e 5 
Av. 3 .501 ± 0 . 0 8 7 
R e a c t i o n of B e n z i l w i t h Sodium H y d r o x i d e i n 60 p e r c e n t Dioxane - 40 
p e r c e n t Water a t 50°C 
[ B e n z i l ] - 0 . 0 3 8 4 1 [NaOH] Q = 0 . 0 3 8 0 8 
t i m e , h r s . fNaOHl k x 10 1 . m o l e " 1 h r . " 1 
2 3 . 5 5 0 .02904 3 .467 
4 3 . 0 0 . 0 2 4 6 4 3 .358 
4 5 . 6 2 0 . 0 2 3 5 8 3 . 6 4 1 
4 7 . 0 8 0 .02350 3 .528 
4 7 . 9 5 0 . 0 2 3 2 3 3 .595 
4 8 . 6 3 0 . 0 2 2 5 2 3 . 4 1 6 
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PART TWO 
ACTIVITY COEFFICIENTS OF CERTAIN AROMATIC COMPOUNDS 
CHAPTER I 
INTRODUCTION 
An e q u a t i o n p r o p o s e d by Hammett (1) h a s l o n g been u s e d t o p r e ­
d i c t r e l a t i v e e q u i l i b r i u m c o n s t a n t s . I t i s a p p l i c a b l e t o s e r i e s of t h e 
t y p e 
C 6 H 5 X 1 < Z ^ ± C 6 H 5 X 2 
•m o r £,-YC 6 H 4 X 1 m or £,-YC 6 H 4 X 2 
The i o n i z a t i o n of b e n z o i c a c i d s * C^H^CO^H ^ C^H^CO^ + H + , i s an 
— X 
example i n w h i c h X^ i s -CO^H and X^ i s -CO^ . The t e r m K q i s t h e r a t e 
o r e q u i l i b r i u m c o n s t a n t f o r t h e redac t ion of an u n s u b s t i t u t e d compound, 
X 
i s t h e r a t e or e q u i l i b r i u m c o n s t a n t f o r a compound w i t h a meta or 
p a r a Y s u b s t i t u e n t u n d e r t h e same c o n d i t i o n s . A c c o r d i n g t o t h e Hammett 
e q u a t i o n t h e r e l a t i v e e q u i l i b r i u m c o n s t a n t s may be e x p r e s s e d a s 
X X 
l o g ( K Y / K Q ) • Py^Y* W ^ E R E / ^ X i s a c o n s t a n t d e p e n d e n t upon t h e 
n a t u r e of t h e r e a c t i o n , t h e s o l v e n t and t h e t e m p e r a t u r e , and i s a 
c o n s t a n t d e t e r m i n e d by t h e n a t u r e of t h e meta o r p a r a Y s u b s t i t u e n t . 
The e q u a t i o n i s l i m i t e d by t h e a s s u m p t i o n t h a t mus t be t h e same, 
r e g a r d l e s s of w h e t h e r meta o r p a r a s u b s t i t u e n t s a r e p r e s e n t , a l t h o u g h 
1 . L. P . Hammett, P h y s i c a l O r g a n i c C h e m i s t r y . McGraw-Hi l l Book 
Company, I n c . , New York, N. Y . , 1940, p . 184; £h£KL' R e v s .
 f J J L , 125 
( 1 9 3 5 ) ; J,. Am.. Chem. 96 ( 1 9 3 7 ) . 
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m e t a and ..pjirjL a v a l u e s a r e n o t r e q u i r e d t o be t h e same. 
Hine (2) h a s shown t h a t ) t h i s l i m i t a t i o n c a u s e s t h e Hammett e q u a ­
t i o n t o be . u n s u i t a b l e f o r meta and p a r a s u b s t i t u t e d d e r i v a t i v e s i n •-' 
g e n e r a l . He p r o p o s e s t h a t t h e ^> v a l u e i s p r o p o r t i o n a l t o t h e 
d i f f e r e n c e s i n er v a l u e s f o r t h e two g r o u p s X^ and X^j and t h e p r o p o r ~ 
t i o n a l i t y c o n s t a n t can be e x p r e s s e d i n t e r m s of a n o t h e r c o n s t a n t t a u 
w h i c h i s d e p e n d e n t o n l y on r e a c t i o n c o n d i t i o n s . .Tau. m e a s u r e s t h e e f f e c ­
t i v e n e s s w i t h which t h e i n f l u e n c e of t h e s u b s t i t u e n t i s t r a n s m i t t e d 
t h r o u g h t h e b e n z e n e r i n g t o t h e s i t e of r e a c t i o n . Whi le t a u w i l l have 
a definite value for specific conditions,, it may vary w i t h the temperature, 
i o n i c s t r e n g t h 9 and t h e n a t u r e and d i e l e c t r i c c o n s t a n t of t h e s o l v e n t . 
The t a u v a l u e s f o r r e a c t i o n s of meta and p a r a s u b s t i t u t e d compounds a r e 
n o t r e q u i r e d t o be e q u a l . Thus f o r a r e a c t i o n s e r i e s 
*"
Y2Wl 5 * - Y 2W2 
t h e Hammett e q u a t i o n would p r e d i c t t h e f o l l o w i n g 
K X 
• £ r Y 2 
The t e r m s i>rY^ and j r Y 9 r e f e r t o s u b s t i t u e n t s Y^ . and Y 2 on t h e b e n z e n e 
r i n g i n p o s i t i o n s p a r a t o t h e X g r o u p s 9 and a y i s t h e s u b s t i t u e n t 
c o n s t a n t f o r t h e g r o u p Y i n t h a t p o s i t i o n . The t e r m i s t h e c o n s t a n t 
2. J . H i n e , j J ^ M .
 s &L, 1126 ( 1 9 5 9 ) . 
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f o r t h e r e a c t i o n t h a t c h a n g e s t o X^, and K ^ i s t n e e q u i l i b r i u m 
c o n s t a n t f o r a ja-Y s u b s t i t u t e d compound u n d e r g o i n g t h a t r e a c t i o n . I n t h e 
s e r i e s 
•
E
- "
Q 2 N C 6 H 4 C 0 2 H ^ • E - - ° 2 N C 6 H 4 C 0 2 " + H + 
£.-BrC 6H 4C0 2H 5 .jfc-BrCgH € 0 " + H + 
X L i s - C 0 2 H , X 2 i s -C© 2 ", i s -NO , and Y 2 i s - B r . Hine s t a t e s t h a t 
t h e t e r m P„ can be e x p r e s s e d a s P„ - ' T(a „ - o~ „ ) and t h e o v e r -
/ X / X £rX £ T X 2 
a l l e x p r e s s i o n a s t h e f o l l o w i n g : 
The t erm ^ m e a s u r e s t h e t r a n s m i t t a n c e of e f f e c t from a p a r a s u b s t i t u e n t 
t o t h e r e a c t i o n c e n t e r , and <j
 v i s t h e s u b s t i t u e n t c o n s t a n t f o r an X 
£.-X 
g r o u p l o c a t e d i n t h e p a r a p o s i t i o n . O t h e r t e r m s a r e a s d e f i n e d a b o v e . A 
s i m i l a r e x p r e s s i o n can be w r i t t e n f o r t h e c a s e of meta s u b s t i t u e n t s . 
O t h e r a p p l i c a t i o n s have been p r o p o s e d by Hine (3) f o r t h e s e same 
K A 
c o n c e p t s . For a d i s p o r p o r t i © n a t i o n r e a c t i o n 2C^H^X x ^ 5 ^ 5 + 
jj-C^H^Xfj i n a s o l v e n t A, t h e e x p r e s s i o n 
- l o g 6 K d A = - r c V x ) 2 
may be w r i t t e n . The number 6 i s a s t a t i s t i c a l f a c t o r t o a c c o u n t f o r 
t h e two p o s s i b l e modes of f o r w a r d r e a c t i o n and t h e t w e l v e p o s s i b l e 
3. J . H ine , j j b j j . . , £ 2 , 4877 ( i 9 6 0 ) . 
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modes of r e v e r s e r e a c t i o n . The thermodynamic e q u i l i b r i u m c o n s t a n t 
A 
can be d e t e r m i n e d by c a r r y i n g o u t t h e r e a c t i o n i n s o l u t i o n s s u f f i c ­
i e n t l y d i l u t e t h a t t h e a c t i v i t y c o e f f i c i e n t s a r e u n i t y . U s i n g a s econd 
g 
s o l v e n t B, a s i m i l a r e x p r e s s i o n can be w r i t t e n f o r , I f a l l t h e 
A 
a c t i v i t i e s a r e e x p r e s s e d w i t h r e s p e c t t o s o l v e n t A a s a s t a n d a r d , 
g 
and K_j a r e r e l a t e d by 
B A 
B PhH £-PhX 0 A K, ^ <k ? K, 
d z d 
g 
where f r e p r e s e n t s t h e a c t i v i t y c o e f f i c i e n t of some compound C i n 
s o l v e n t B. By combining e q u a t i o n s , t h e e x p r e s s i o n 
f B f B 
PhH J f P h X - A R 9 
B 2 £. p-X 
u P h X ' 
A B 
i s o b t a i n e d . The t e r m s 7 ^ and "J* a r e t n e t a u v a l u e s f o r p a r a com­
pounds i n s o l v e n t s A and B, and o^_^ i s t h e s u b s t i t u e n t c o n s t a n t f o r t h e 
g r o u p X l o c a t e d i n a p o s i t i o n p a r a t o t h e r e a c t i o n s i t e . S i m i l a r e x ­
p r e s s i o n s can be w r i t t e n f o r t h e c a s e of m e t a s u b s t i t u e n t s . 
D i f f e r e n c e s i n T * v a l u e s can be c a l c u l a t e d from t h e above e q u a ­
t i o n i f t h e a c t i v i t y c o e f f i c i e n t s and er v a l u e s a r e known. The p r e s e n t 
g 
work was a n a t t e m p t t o d e t e r m i n e t h e a c t i v i t y c o e f f i c i e n t s , f^  , by v a p o r 
p r e s s u r e m e a s u r e m e n t s f o r a number of a r o m a t i c compounds and t o t e s t t h e 
v a l i d i t y of t h e above e x p r e s s i o n . I n t h e p r e s e n t s t u d y w a t e r and d e ­
c a l i n were u s e d a s s o l v e n t s . Water was c h o s e n a s a s o l v e n t w i t h a h i g h 
d i e l e c t r i c c o n s t a n t , and d e c a l i n a s a s o l v e n t w i t h a low d i e l e c t r i c 
c o n s t a n t . Tau d i f f e r e n c e s c o u l d be o b t a i n e d from t h e a c t i v i t y c o ­
e f f i c i e n t s . From t h e t a u d i f f e r e n c e s be tween w a t e r and t h e v a p o r 
s t a t e and d e c a l i n and t h e v a p o r s t a t e , a t t e m p t s were t o be made t o 
t e s t t h e v a l i d i t y of t h e Hammett e q u a t i o n and t h e a p p l i c a b i l i t y of 
t h e p r o c e e d i n g e q u a t i o n s . t o m e a s u r e t h e e f f e c t of s o l v e n t s in t h e 
t r a n s m i s s i o n of s u b s t i t u e n t e f f e c t s . 
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CHAPTER I I 
EQUIPMENT 
D e s c r i p t i o n of Equipment f o r Vapor P r e s s u r e Measurement 
The s a t u r a t o r c o n s i s t s of s i x p a i r s of p a r a l l e l t u b e s . As shown 
i n F i g . 1 , e a c h of t h e s e t u b e s i s a p p r o x i m a t e l y t h i r t y c e n t i m e t e r s i n 
l e n g t h and two c e n t i m e t e r s in d i a m e t e r . Each t u b e i s c o n n e c t e d t o t h e 
o t h e r member of t h e p a i r by an i n v e r t e d U - t u b e a t one end and an i n v e r t e d 
Y - t u b e a t t h e o t h e r . The t h i r d arm of t h e "Y" i s f i t t e d w i t h a ground 
g l a s s j o i n t and s t o p p e r which can be w i t h d r a w n f o r i n t r o d u c t i o n of a 
sample or f o r c l e a n i n g . Each p a i r of t u b e s i s c o n n e c t e d from t h e m i d d l e 
of t h e second t u b e t o t h e s u c c e e d i n g p a i r by a s h o r t l e n g t h of g l a s s t u b ­
i n g t h a t ends w i t h a ground g l a s s b a l l j o i n t . T h i s j o i n t f i t s i n t o a 
g r o u n d g l a s s s o c k e t j o i n t c o n n e c t e d t o t h e m i d d l e of t h e f i r s t member of 
t h e s u c c e e d i n g p a i r . By means of t h e s e j o i n t s , t h e p a i r s of t u b e s can be 
s e p a r a t e d f o r c l e a n i n g and d r y i n g . The f i r s t t u b e of t h e s e r i e s i s e q u i p p e d 
w i t h an i n l e t t u b e t h r o u g h which n i t r o g e n i s i n t r o d u c e d i n t o t h e s a t u r a ­
t o r . The l a s t t u b e i s p r o v i d e d w i t h an e x i t t u b e t h a t l e a d s t o a t r a p 
u s e d f o r c o n d e n s i n g o r g a n i c v a p o r s . T h i s e x i t t u b e i s wrapped i n h e a t ­
i n g t a p e and k e p t a t a p p r o x i m a t e l y 40°C t o p r e v e n t c o n d e n s a t i o n of any 
v a p o r s a s t h e y l e a v e t h e s a t u r a t o r . The r e l a t i v e p o s i t i o n s of s a t u r a t o r , 
e x i t t u b e , and t r a p a r e shown i n F i g . 2. The s a t u r a t o r i s c lamped i n an 
aluminum r a c k t h a t h o l d s t h e t u b e s i n p l a c e , and e n a b l e s t h e s a t u r a t o r t o 
be h e l d i n a c o n s t a n t t e m p e r a t u r e b a t h . The r a c k i s a l s o c o n n e c t e d by an 
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aluminum s t r i p t o a m o t o r - d r i v e n e c c e n t r i c g e a r t h a t s e r v e s t o r o c k t h e 
s a t u r a t o r t h r o u g h an a n g l e of a p p r o x i m a t e l y f i f t e e n d e g r e e s . T h i s i s 
i l l u s t r a t e d i n F i g . 2. 
The t r a p t o c o n d e n s e t h e o r g a n i c v a p o r s from t h e s a t u r a t o r i s 
a p p r o x i m a t e l y t e n c e n t i m e t e r s l ong and 2 .5 c e n t i m e t e r s i n d i a m e t e r . I t 
i s f a s t e n e d by means of a b a l l and s o c k e t j o i n t t o t h e e x i t t u b e from 
t h e s a t u r a t o r and h e l d i n a Dewar f l a s k on t h e t o p of t h e r a c k . The e x i t 
1 
t u b e from t h e t r a p l e a d s t o a " P r e c i s i o n 1 * wet t e s t m e t e r t h a t s e r v e s t o 
m e a s u r e t h e volume of n i t r o g e n t h a t has p a s s e d t h r o u g h t h e s y s t e m . T h i s 
m e t e r i s provided w i t h a thermometer so t h a t t h e temperature a t which t h e 
n i t r o g e n i s m e a s u r e d can be d e t e r m i n e d . The n i t r o g e n f low t h r o u g h t h e 
e n t i r e s y s t e m i s shown in F i g . 3 . 
Methods of m e a s u r i n g v a p o r p r e s s u r e s t h a t a r e s i m i l a r t o t h e 
one d e s c r i b e d below a r e n o t new. Washburn and Heuse (4) d e v i s e d a 
s i m i l a r a p p a r a t u s t o a v o i d t h e e r r o r s i n h e r e n t i n t h e s t a t i c methods of 
v a p o r p r e s s u r e m e a s u r e m e n t . B a c a r e l l a , F i n c h , and Grunwald (5) m o d i ­
f i e d t h i s a p p a r a t u s i n t o one t h a t c l o s e l y r e s e m b l e s t h e a p p a r a t u s 
d e s c r i b e d i n t h e p r e s e n t work . These a u t h o r s , however , made r u n s t h r o u g h 
s e v e r a l s a t u r a t o r t r a i n s i n s e r i e s , , d i d n o t employ a h e a t e d e x i t t u b e , 
and d i d n o t u s e a m e t e r t o m e a s u r e n i t r o g e n f low. 
1 
Made by P r e c i s i o n S c i e n t i f i c C o . , C h i c a g o , 1 1 1 . 
4 . E . W.Washburn and E. G. Heuse , i b i d . . 37 . 309 ( 1 9 1 5 ) . 
5 . A. L. B a c a r e l l a , A. F i n c h , and E. Grunwald , J, . P h y s . Chem. . 
M 5 573 ( 1 9 5 6 ) . 
F i g . i . Diagram of a P a i r of S a t u r a t o r T u b e s . 
29 
i g . 2. C r o s s S e c t i o n of A p p a r a t u s i n B a t h 
30 
F i g . 3 . Diagram of N i t r o g e n Flow Through t h e Sys tem 
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Accuracy of Equipment 
T e m p e r a t u r e of t h e B a t h . — T h e t e m p e r a t u r e of t h e c o n s t a n t t e m p e r a t u r e 
b a t h was m e a s u r e d w i t h a t h e r m o m e t e r s t a n d a r d i z e d by t h e U n i t e d S t a t e s 
Bureau of S t a n d a r d s . The o b s e r v e d r e a d i n g was 3 5 . 1 ° C . The t h e r m o ­
m e t e r used was c e r t i f i e d t o be a c c u r a t e a t 50°C b u t t o be Q.1°C h i g h a t 
0°C. I t was t h o u g h t t h a t t h e b a t h t e m p e r a t u r e d e v i a t e d l e s s t h a n 0 .05°C 
from t h e d e s i r e d 35°C. 
V a r i a t i o n s i n t e m p e r a t u r e t h r o u g h o u t t h e b a t h were m e a s u r e d by 
means of a Beckmann t h e r m o m e t e r . R e a d i n g s were t a k e n a t s e v e r a l l o c a ­
t i o n s and s e v e r a l d e p t h s i n t h e b a t h . I t was o b s e r v e d t h a t t h e maximum 
v a r i a t i o n t h r o u g h o u t t h e b a t h was 0 .07°C and a t any one p o i n t was 0 . 0 5 ° C . 
The t e m p e r a t u r e v a r i a t i o n a t any one p o i n t d u r i n g one day was c o n s t a n t , 
and t h e v a r i a t i o n of t h e maximum t e m p e r a t u r e d u r i n g t h r e e days a t t h e 
same p o i n t was Q.03°C. 
C a l c u l a t i o n s b a s e d upon t h e v a p o r p r e s s u r e of d e c a l i n i n d i c a t e d 
t h a t an e r r o r of o n l y 0 . 3 9 p e r c e n t would be p r o d u c e d i f t h e b a t h 
t e m p e r a t u r e changed 0 . 1 ° C . 
A c c u r a c y of t h e Vapor P r e s s u r e M e a s u r e m e n t s . — T h e d e t e r m i n a t i o n of t h e 
v a p o r p r e s s u r e of b e n z e n e was c h o s e n a s a m e a s u r e of t h e a c c u r a c y of 
t h e a p p a r a t u s . S e v e r a l v a l u e s of t h e v a p o r p r e s s u r e of b e n z e n e a t a 
t e m p e r a t u r e n e a r 35°C a r e a v a i l a b l e i n t h e l i t e r a t u r e . W i l l i n g h a m 
e t a l (6 ) r e p o r t v a l u e s t h a t g i v e a v a p o r p r e s s u r e of 1 4 7 . 5 mm. when 
6. C. B. W i l l i n g h a m , W. J . T a y l o r , J . M. P i g n a c c o , and F. D. 
R o s s i n i , J . . RejL. N a t l . Byx. S t d g , , , 21, 219 ( 1 9 4 5 ) . 
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i n t e r p o l a t e d l o g a r i t h m i c a l l y t o 3 4 . 9 ° C . I n t e r p o l a t i o n of d a t a by Smith 
(7) g i v e s a v a l u e of 147 .5 mm. and t h e i n t e r p o l a t e d v a l u e of F o r z a i t i 
_et aj^ (8) i s 147 .7 mm., b o t h a t 3 4 . 9 ° C . These d e t e r m i n a t i o n s were made 
by t h e s t a t i c method which would be e x p e c t e d t o g i v e somewhat h i g h e r 
v a l u e s t h a n t h e p r e s e n t work due t o t h e d i f f i c u l t y i n removing c o m p l e t e l y 
t h e f o r e i g n g a s from t h e s y s t e m u s e d . The e r r o r of t h e method h e r e 
employed i s f a i l u r e t o c o n d e n s e c o m p l e t e l y t h e o r g a n i c v a p o r s . T h i s 
would r e s u l t i n a v a l u e t h a t would be low. The v a l u e f o r t h e v a p o r 
p r e s s u r e of b e n z e n e o b t a i n e d by t h i s a p p a r a t u s , when c o r r e c t e d by 0 . 3 mm. 
f o r t h e b e n z e n e n o t c o n d e n s e d , i s 146 .8 ± 0 . 4 mm. Thus t h e a g r e e m e n t 
w i t h p r e v i o u s l y r e p o r t e d v a l u e s i s w i t h i n one per, c e n t . 
E s t i m a t e s a r e a v a i l a b l e f o r t h e v a p o r p r e s s u r e of d e c a l i n a t 35°C. 
From c o n s t a n t s f o r A n t o i n e ' s e q u a t i o n g i v e n by Camin and R o s s i n i (9) t h e 
v a p o r p r e s s u r e of p u r e c i s and p u r e t r a n s d e c a l i n can be c a l c u l a t e d . 
Assuming t h a t t h e s e compounds form an i d e a l s o l u t i o n , t h e v a p o r p r e s s u r e 
of a m i x t u r e of 47 p e r c e n t t r a n s d e c a l i n and 53 p e r c e n t c i s d e c a l i n 
can be e s t i m a t e d t o be 1 .93 mm. The m e a s u r e m e n t s were made by t h e s t a t i c 
m e t h o d , and e x t r a p o l a t i o n from a p p r o x i m a t e l y 100°C t o 35°C was n e c e s s a r y . 
The v a l u e o b t a i n e d by t h e p r e s e n t a p p a r a t u s i s 1 .833 ± 0 . 0 2 1 mm. 
7. E. R. S m i t h , j J a i i . , ^20., 129 ( 1 9 3 8 ) . 
8 . A. F . F o r z a i t i , W. R. N o r r i s , and F . D. R o s s i n i , i b i d . . 
i Q , 555 ( 1 9 4 9 ) . 
9 . D. L. Camin and F . D. R o s s i n i , J . . Chem. P h v s . , 2Jl9 1173 
( 1 9 5 5 ) . 
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N e i t h e r of t h e s e v a l u e s a g r e e w i t h tho£e g i v e n i n t h e p r e v i o u s l y 
r e p o r t e d d a t a of Seyer and Mann ( 1 0 ) . These a u t h o r s r e p o r t e d d a t a and 
a g r a p h t h a t do n o t a g r e e w i t h each o t h e r or w i t h t h e v a l u e s a b o v e . A l s o , 
n e i t h e r t h e g r a p h n o r t h e d a t a g i v e n shows a l i n e a r p l o t of l o g P v s . 1 /T. 
C o m p l e t e n e s s of S a t u r a t i o n of N i t r o g e n w i t h V a p o r . - " T o d e t e r m i n e com­
p l e t e n e s s of s a t u r a t i o n of t h e n i t r o g e n c a r r i e r by e x p o s u r e t o e i g h t t u b e s 
c o n t a i n i n g l i q u i d , a r u n was p e r f o r m e d w i t h o n l y f i v e t u b e s c o n t a i n i n g 
b e n z e n e . A v a l u e of 1 4 6 . 3 mm. was o b t a i n e d f o r t h e v a p o r p r e s s u r e of 
b e n z e n e . T h i s i s w i t h i n e x p e r i m e n t a l e r r o r of t h e a v e r a g e 146 .5 +. 0 . 4 mm. 
obtained when eight tubes contained benzene. 
I n l a t e r e x p e r i m e n t s u s i n g a n i t r o b e n z e n e s o l u t i o n i n d e c a l i n , t h e 
c o n c e n t r a t i o n of s e v e r a l s a t u r a t o r c o m p a r t m e n t s were d e t e r m i n e d by r e ­
moving some of t h e s o l u t i o n a f t e r n i n e r u n s had been made . A l t h o u g h 
t h e f i r s t s e v e r a l c o m p a r t m e n t s showed c o n s i d e r a b l e c o n c e n t r a t i o n c h a n g e s , 
t h e l a s t t h r e e t u b e s had m e a s u r e d c o n c e n t r a t i o n s t h a t w e r e t h e same a s 
t h a t of t h e o r i g i n a l s o l u t i o n w i t h i n t h e e x p e r i m e n t a l e r r o r . Th i s showed 
t h a t t h e l a t t e r c o m p a r t m e n t s were u n a f f e c t e d , and s a t u r a t i o n of t h e 
n i t r o g e n must have been r e a c h e d d u r i n g p a s s a g e t h r o u g h t h e f i r s t s e v e r a l 
t u b e s . 
C o m p l e t e n e s s of C o n d e n s a t i o n of O r g a n i c V a p o r s . — S i n c e b e n z e n e was t h e 
most v o l a t i l e m a t e r i a l b e i n g s t u d i e d , i t was u s e d t o d e t e r m i n e w h e t h e r 
or n o t a l l t h e o r g a n i c v a p o r s from t h e s a t u r a t o r w e r e b e i n g condensed 
i n t h e t r a p . 
10. W. F . Seyer and C. W. Mann, -J . . Am.. Chem. S o c . . 67 . 328 
( 1 9 4 5 ) . 
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An e x p e r i m e n t was r u n i n t h e u s u a l m a n n e r , e x c e p t t h a t t h e v a p o r s 
which had a l r e a d y p a s s e d t h r o u g h t h e t r a p w e r e p a s s e d t h r o u g h a s i n t e r ­
ed g l a s s b u b b l e r t h a t was p l a c e d i n p e n t a n e c o o l e d t o d r y i c e - a c e t o n e 
t e m p e r a t u r e . A f t e r 0 .1981 c u b i c f e e t of n i t r o g e n had p a s s e d t h r o u g h t h e 
s y s t e m , t h e f low of n i t r o g e n was s t o p p e d and t h e p e n t a n e s o l u t i o n was 
a l l o w e d t o warm t o room t e m p e r a t u r e . The c o n c e n t r a t i o n of b e n z e n e 
p r e s e n t was d e t e r m i n e d by i t s u l t r a v i o l e t s p e c t r u m t o be 0 . 2 g . / l . T h i s 
would i n d i c a t e a l o s s of 0 . 0 0 8 g. of b e n z e n e d u r i n g t h e r u n and would 
c o r r e s p o n d t o a v a p o r p r e s s u r e of a p p r o x i m a t e l y 0 . 3 mm. 
The v a p o r p r e s s u r e of b e n z e n e a t - 7 7 ° C , t h e t e m p e r a t u r e of t h e 
t r a p , was e s t i m a t e d by A n t o i n e ' s e q u a t i o n (11) t o be 0 . 0 0 5 8 mm. Thus 
i t i s s e e n t h a t c o n d e n s a t i o n of b e n z e n e was n o t q u a n t i t a t i v e , and t h e 
e r r o r i n t r o d u c e d by i g n o r i n g t h e b e n z e n e l o s t i s a p p r o x i m a t e l y 0 . 2 p e r 
c e n t . 
D e v i a t i o n from A t m o s p h e r i c P r e s s u r e i n t h e S y s t e m . — T h r o u g h t h e u s e of 
a "Y" t u b e , t h e l i n e l e a d i n g from t h e n i t r o g e n s o u r c e t o t h e s a t u r a t o r 
( s e e F i g . 3) was c o n n e c t e d t o an a i r - e x p o s e d w a t e r - f i l l e d manometer . 
At a f low r a t e of 0 . 1 5 c u b i c f e e t of n i t r o g e n p e r h o u r , t h e p r e s s u r e 
head was 7 . 1 mm. of w a t e r or a b o u t 0 . 5 mm. of m e r c u r y . No v i s a b l e c h a n g e 
i n t h e h e i g h t of t h e p r e s s u r e head was o b s e r v e d w i t h n i t r o g e n f low r a t e s 
a s h i g h a s 0 . 5 c u b i c f e e t p e r h o u r . I t was c o n c l u d e d t h a t p a s s a g e of 
n i t r o g e n c a u s e d no s i g n i f i c a n t d e v i a t i o n from a t m o s p h e r i c p r e s s u r e i n 
t h e s y s t e m . 
1 1 . N. A. L a n g e . Handbook of C h e m i s t r y . 7 t h e d . , Handbook 
P u b l i s h e r s , I n c . , S a n d u s k y , O h i o , 1949 , p . 1434. 
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Maximum Amount of C o n d e n s a t e from L i q u i d C a r r y - o v e r . — Runs were made on 
a s a t u r a t e d s o l u t i o n of t r i - j a - t o l y l p h o s p h a t e t o d e t e r m i n e w h e t h e r 
l i q u i d d r o p l e t s were b e i n g c a r r i e d i n t o t h e c o n d e n s i n g t r a p a s s p r a y . 
T h i s m a t e r i a l was c h o s e n a s one t h a t a b s o r b e d i n t h e u l t r a v i o l e t , b u t 
had a q u i t e low v a p o r p r e s s u r e . S t a n d a r d s o l u t i o n s w e r e u s e d t o d e ­
t e r m i n e i t s e x t i n c t i o n c o e f f i c i e n t . The s a t u r a t e d s o l u t i o n was found t o 
be a p p r o x i m a t e l y 0 . 1 M. 
A s u f f i c i e n t q u a n t i t y of c o n d e n s a t e was o b t a i n e d ' t o a n a l y z e w i t h ­
o u t d i l u t i o n , and i t s c o n t e n t of t r i-j3 - t o l y l p h o s p h a t e was d e t e r m i n e d . 
The maximum c o n t e n t was e s t i m a t e d t o be 1 x 10 5 M. C o n s i d e r i n g t h e 
o r i g i n a l p h o s p h a t e s o l u t i o n a s 0 . 1 M 5 t h e maximum s p r a y c a r r y - o v e r i s 
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e s t i m a t e d a s 0 . 0 1 p e r c e n t , o r no more t h a n 2 x 10 ml . of s p r a y was 
c o l l e c t e d p e r l i t e r of v a p o r . T h i s was b a s e d on a t y p i c a l r u n u s i n g 
a p p r o x i m a t e l y f o u r t e e n moles of v a p o r , a b o u t 0 . 0 4 moles of which a r e 
d e c a l i n . 
M o i s t u r e i n " D r i e d " N i t r o g e n . — I t was found t h a t t h e n i t r o g e n u s e d 
( c y l i n d e r s from t h e Marks Oxygen Company) c o n t a i n e d w a t e r v a p o r a s an 
i m p u r i t y . A v a r i e t y of u n s u c c e s s f u l methods were u s e d i n a t t e m p t s t o 
remove t h i s m o i s t u r e . The most s u c c e s s f u l method was found t o be t h a t 
of p a s s i n g t h e n i t r o g e n t h r o u g h a t r a p immersed i n dry i c e and a c e t o n e , 
and t h e n t h r o u g h a g l a s s - w o o l - p a c k e d t r a p p l a c e d i n l i q u i d n i t r o g e n . 
T h i s s t i l l l e f t m o i s t u r e p r e s e n t t o t h e e x t e n t of 0 .00419 g. p e r c u b i c 
f o o t of n i t r o g e n u s e d . T h i s v a l u e , an a v e r a g e of t h r e e d e t e r m i n a t i o n s , 
was u s e d a s a c o r r e c t i o n f a c t o r f o r l a t e r r u n s . Were t h i s c o r r e c t i o n 
n o t made , t h e r e s u l t s o b t a i n e d would be h i g h s i n c e w a t e r h a s a h i g h e r 
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v a p o r p r e s s u r e t h a n any s u b s t a n c e s t u d i e d e x c e p t b e n z e n e . The c o n d e n s a t e 
o b t a i n e d by p a s s i n g one c u b i c f o o t of n i t r o g e n over d e c a l i n would weigh 
a p p r o x i m a t e l y 0 .3700 g. I f t h e 0 . 0 0 4 2 g. of m o i s t u r e w e r e n e g l e c t e d , an 
e r r o r i n w e i g h t of over one p e r c e n t would be i n t r o d u c e d . T h i s would 
r e s u l t i n a v a p o r p r e s s u r e e r r o r of a p p r o x i m a t e l y 1 .3 p e r c e n t i f d e ­
c a l i n was b e i n g c o l l e c t e d . 
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CHAPTER I I I 
PROCEDURE 
D e s c r i p t i o n of M a t e r i a l s U s e d . — T h e b e s t g r a d e of c o m m e r c i a l l y a v a i l a b l e 
d e c a l i n (Eas tman White L a b e l , Eastman O r g a n i c C h e m i c a l s , R o c h e s t e r , New 
York) was found t o c o n t a i n v a r y i n g m i x t u r e s of c i s and t r a n s i s o m e r s 
a s shown by v a p o r p h a s e c h r o m a t o g r a p h y d e t e r m i n a t i o n s . When a l l a v a i l ­
a b l e d e c a l i n was mixed t o p r e p a r e a q u a n t i t y of u n i f o r m s o l v e n t , t h e 
m i x t u r e was shown t o be a p p r o x i m a t e l y 48 p e r c e n t t r a n s and 52 p e r c e n t 
c i s . A l t h o u g h a v a p o r p h a s e chromatogram showed on ly t h e two b a n d s f o r 
t h e c i s and, t r a n s i s o m e r s , and t h e u l t r a v i o l e t s p e c t r u m showed no a b ­
s o r p t i o n t h a t would i n d i c a t e a d e f i n i t e i m p u r i t y , t h e a b s o r p t i o n of 
d e c a l i n c o n d e n s a t e s was n o t i d e n t i c a l w i t h t h e o r i g i n a l d e c a l i n u s e d . The 
f i r s t t h r e e grams of c o n d e n s a t e showed g r e a t e d a b s o r p t i o n a t wave l e n g t h s 
below 283 mp,. A f t e r t h e f i r s t t h r e e grams of d e c a l i n had been removed 
from t h e s a t u r a t o r , t h e d i f f e r e n c e i n o p t i c a l d e n s i t y b e t w e e n t h e c o n ­
d e n s a t e and t h e o r i g i n a l d e c a l i n was no l o n g e r o b s e r v e d . A c o r r e c t i o n 
f a c t o r was o b t a i n e d by d i v i d i n g t h e d i f f e r e n c e i n o p t i c a l d e n s i t y a t 
t h e p a r t i c u l a r wave l e n g t h b e i n g s t u d i e d by t h e d i l u t i o n of t h e c o n d e n s a t e 
w i t h s o l v e n t d e c a l i n . T h i s c o r r e c t i o n f a c t o r , n e v e r more t h a n 0 . 0 0 6 
o p t i c a l d e n s i t y u n i t s , was a p p l i e d t o e a r l y r u n s t o a c c o u n t f o r t h i s 
d i f f e r e n c e i n a b s o r b a n c e . 
L a t e r i n t h e work , when a d d i t i o n a l s o l v e n t was r e q u i r e d , | a n 
a t t e m p t w^s made t o a p p r o a c h t h e o r i g i n a l m i x t u r e of i s o m e r s . The 
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s o l v e n t m i x t u r e u s e d w i t h t h e bromobenzene was a p p r o x i m a t e l y 46 p e r c e n t 
t r a n s and 54 p e r c e n t c i s i s o m e r s . A l t h o u g h showing no o b s e r v a b l e im­
p u r i t y on v a p o r p h a s e c h r o m a t o g r a p h y , t h e i n i t i a l c o n d e n s a t e s from t h i s 
m i x t u r e showed c o n s i d e r a b l y more a b s o r p t i o n t h a n t h e d e c a l i n b e f o r e 
b e i n g r u n t h r o u g h t h e a p p a r a t u s . I t was found t h a t p a s s i n g t h e s o l v e n t 
t h r o u g h a 75 cm. column packed w i t h s i l i c a g e l would remove m o s t of t h e 
c o n t a m i n a n t . A c o r r e c t i o n f a c t o r , n e v e r more t h a n G.0G6 o p t i c a l d e n s i t y 
u n i t s , was u s e d f o r t h e f i r s t 1 .5 g . of c o n d e n s a t e o b t a i n e d i n t h e r u n s 
t h e r e a f t e r . T h i s f a c t o r was o b t a i n e d i n t h e same manner a s i n t h e c a s e 
o f t h e f i r s t s o l v e n t m i x t u r e . 
The t h i o p h e n e - f r e e b e n z e n e u s e d ( M a t h e s o n , Coleman, and B e l l ) 
was d i s t i l l e d u n t i l a n a l y s i s by v a p o r p h a s e c h r o m a t o g r a p h y showed a 
s i n g l e p e a k . The bromobenzene u s e d (Eas tman Whi te L a b e l ) was d i s t i l l e d 
u n t i l a s i n g l e peak was o b t a i n e d by V. P . C. a n a l y s i s . The irr-dibromo­
b e n z e n e (Eas tman White L a b e l ) showed no t r a c e of i m p u r i t i e s when s u b ­
j e c t e d t o V. P . C. a n a l y s i s . The j a - d i b r o m o b e n z e n e (Eas tman White 
L a b e l ) was r e c r y s t a l l i z e d from m e t h a n o l t o a m . p . of 8 7 - 8 8 ° C . 1 The 
n i t r o b e n z e n e was s t o c k m a t e r i a l , d i s t i l l e d u n t i l V. P . C. a n a l y s i s showed 
a s i n g l e p e a k . The j s - d i n i t r o b e n z e n e ( M a t h e s o n , Coleman, and B e l l ) was 
1 
The l i t e r a t u r e v a l u e f o r t h e m . p . of j> -d ibromobenzene i s 
87 .3°C ( 1 2 ) . 
12. A, N. Campbel l and L. A. P r o d a n , J.. Am. Chem. S o c . . 70 T 
553 ( 1 9 4 8 ) . 
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r e c r y s t a l l i z e d from e t h a n o l t o a m . p . of 172~3°C. The j n - d i n i t r o b e n z e n e 
3 
u s e d had a m . p . of 88 -9°C. 
P r e p a r a t i o n of t h e A p p a r a t u s f o r a D e t e r m i n a t i o n . — T h e s a t u r a t o r p a i r s 
w e r e c l e a n e d by wash ing w i t h d e t e r g e n t and t h e n r i n s e d w i t h w a t e r , 
e t h a n o l , and a c e t o n e . They were d r i e d by p l a c i n g i n an oven a t 120°C f o r 
a p e r i o d of n o t l e s s t h a n f o u r h o u r s . 
Dur ing a s s e m b l y and c o o l i n g of t h e s a t u r a t o r , n i t r o g e n was p a s s e d 
t h r o u g h a t a s low r a t e t o p r e v e n t t h e c o l l e c t i o n of m o i s t u r e . Each 
p a i r of s a t u r a t o r s was removed s e p a r a t e l y from t h e oven and added t o t h e 
a s s e m b l y w h i l e h o t . Each j o i n t was l u b r i c a t e d t h o r o u g h l y w i t h Dow 
C o r n i n g s i l i c o n e h i g h vacuum g r e a s e . When t h e s a t u r a t o r was c o m p l e t e l y 
a s s e m b l e d , i t was c lamped i n t h e r a c k and a l l o w e d t o c o o l . N i t r o g e n was 
p a s s e d t h r o u g h t h e s a t u r a t o r d u r i n g t h i s t i m e . 
I n t o e a c h of t h e f i r s t e i g h t t u b e s t h e r e was/,' p l a c e d t e n m i l l i ­
l i t e r s of t h e l i q u i d or s o l u t i o n whose v a p o r p r e s s u r e was t o be d e t e r m i n ­
e d . I n t h e c a s e of s o l u t i o n s of b e n z e n e , however , i t was found n e c e s s a r y 
t o p l a c e s o l u t i o n i n t h e f i r s t t e n t u b e s . A f t e r f i l l i n g , t h e s a t u r a t o r 
and r a c k were p l a c e d i n t h e c o n s t a n t t e m p e r a t u r e b a t h and r o c k e d f o r 
s e v e r a l h o u r s t o a l l o w t h e c o n t e n t s t o r e a c h t h e t e m p e r a t u r e of t h e b a t h . 
The t r a p s u s e d were washed w i t h a c e t o n e and d r i e d i n t h e oven 
u n t i l n e e d e d . 
2 
The l i t e r a t u r e v a l u e f o r t h e m . p . of j a - d i n i t r o b e n z e n e i s 173.5°C<* 
( 1 3 ) . 
13 . D. H. Andrews , G. Lynn, and J . J o h n s o n , i b i d . . 4 8 . 1274 
(1926) . 
( 1 3 ) . 
The l i t e r a t u r e v a l u e f o r t h e m . p . of j ^ - d i n i t r o b e n z e n e i s 90 .08°Cn 
3 
1 
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N i t r o g e n was o b t a i n e d from c y l i n d e r s of t h e Marks Oxygen Company. 
Most of t h e m o i s t u r e was removed by p a s s i n g t h e n i t r o g e n t h r o g h a t r a p 
c o o l e d i n dry i c e and a c e t o n e and t h e n t h r o u g h a t r a p t h a t had been 
packed w i t h g l a s s - w o o l and immersed i n l i q u i d n i t r o g e n . 
D e s c r i p t i o n of a T y p i c a l D e t e r m i n a t i o n . - - A t r a p was removed from t h e oven 
and a l l o w e d t o coo l t o room t e m p e r a t u r e w h i l e b e i n g swept w i t h d r i e d 
n i t r o g e n - , a f t e r w h i c h i t was s t o p p e r e d w i t h s m a l l c o r k s and w e i g h e d . I t 
was swept w i t h n i t r o g e n w h i l e p l a c e d i n a Dewar f l a s k and c o o l e d t o t h e 
t e m p e r a t u r e of dry i c e and a c e t o n e . A f t e r removing t h e n i t r o g e n t u b e 
from t h e t r a p , t h e f l a s k was q u i c k l y p l a c e d upon t h e r a c k and t h e n c o n ­
n e c t e d t o t h e e x i t t u b e from t h e s a t u r a t o r and t o t h e t u b e l e a d i n g t o t h e 
wet t e s t m e t e r . 
The d r i e d n i t r o g e n was i n t r o d u c e d i n t o t h e s a t u r a t o r t h r o u g h t h e 
i n l e t t u b e and a l l o w e d t o p a s s over t h e l i q u i d or s o l u t i o n w h i l e t h e 
s a t u r a t o r was r o c k e d . The r a t e of n i t r o g e n f low was m e a s u r e d and g e n e r a l ­
l y k e p t a t 0 . 5 c u b i c f e e t p e r hour or l e s s . The v a p o r - c o n t a i n i n g 
n i t r o g e n p a s s e d t h r o u g h t h e s a t u r a t o r , o u t t h e h e a t e d e x i t t u b e , and i n t o 
t h e c o o l e d t r a p where t h e o r g a n i c v a p o r s w e r e c o n d e n s e d . The n i t r o g e n 
t h e n p a s s e d i n t o t h e wet t e s t m e t e r where i t s volume was m e a s u r e d . 
The l e n g t h of t ime of n i t r o g e n f low was d e p e n d e n t upon t h e v a p o r 
p r e s s u r e of t h e m a t e r i a l b e i n g m e a s u r e d and t h e c o n c e n t r a t i o n of t h e 
s o l u t i o n b e i n g c o l l e c t e d i f a p u r e m a t e r i a l was n o t b e i n g u s e d . An 
a v e r a g e t ime was one t o t h r e e h o u r s , b u t t i m e s a s l ong a s s i x h o u r s or 
a s s h o r t a s t w e n t y m i n u t e s w e r e e n c o u n t e r e d . 
At t h e end of t h e d e t e r m i n a t i o n , t h e t r a p was d i s c o n n e c t e d from 
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t h e sy s t em and one o u t l e t t i g h t l y s t o p p e r e d . The o t h e r o u t l e t was 
l o o s e l y s t o p p e r e d w i t h a s m a l l c o r k u n t i l t h e t r a p and c o n t e n t s had warm­
ed t o room t e m p e r a t u r e whereupon t h e t r a p was a g a i n w e i g h e d . I f a s o l u ­
t i o n was c o l l e c t e d , t h e s o l u t i o n was d i l u t e d w i t h an amount of d e c a l i n 
s u f f i c i e n t t o wash t h e s i d e s of t h e t r a p , and t h e n a n a l y z e d . 
A n a l y s i s of C o n d e n s a t e . — T h e v a p o r p r e s s u r e of t h e v a r i o u s o r g a n i c 
m a t e r i a l s was d e t e r m i n e d by m u l t i p l y i n g t h e a t m o s p h e r i c p r e s s u r e by t h e 
mole f r a c t i o n of t h e p a r t i c u l a r m a t e r i a l i n t h e v a p o r from t h e s a t u r a t o r . 
The number of moles of n i t r o g e n was d e t e r m i n e d by m e a s u r i n g t h e 
volume of t h e n i t r o g e n u s e d , t h e t e m p e r a t u r e a t which i t was m e a s u r e d , 
and t h e p r e s s u r e , c o r r e c t e d t o d r y c o n d i t i o n s , u n d e r w h i c h t h e n i t r o g e n 
was m e a s u r e d i n t h e wet t e s t m e t e r . From t h i s i n f o r m a t i o n , t h e t e r m "n" 
i n t h e i d e a l gas e q u a t i o n PV = nRT can be c a l c u l a t e d . 
I f a p u r e l i q u i d was b e i n g s t u d i e d , t h e w e i g h t g a i n of t h e t r a p 
d u r i n g t h e r u n was o b t a i n e d and c o r r e c t e d f o r t h e m o i s t u r e p r e s e n t . 
T h i s w e i g h t of o r g a n i c compound, d i v i d e d by t h e m o l e c u l a r w e i g h t of t h e 
compound gave t h e number of moles c o l l e c t e d . 
When a d e c a l i n s o l u t i o n was u s e d , t h e w e i g h t of o r g a n i c m a t e r i a l 
was m e a s u r e d and i t s volume d e t e r m i n e d by d i v i d i n g by t h e d e n s i t y of 
d e c a l i n . The a s s u m p t i o n was made t h a t t h e e r r o r i n t r o d u c e d b>| 'weighing 
o t h e r m a t e r i a l s a s d e c a l i n i s n o t g r e a t . I n a t y p i c a l r u n , d e c a l i n 
c o n s t i t u t e d o v e r 99 p e r c e n t of t h e o r g a n i c m a t e r i a l s c o l l e c t e d . The 
t r a p was t h e n washed w i t h a known amount of d e c a l i n t o i n s u r e c o m p l e t e 
s o l u t i o n - , a n d , i f n e c e s s a r y , d i l u t e d f u r t h e r . The r e s u l t i n g s o l u t i o n 
was t h e n a n a l y z e d by t h e u s e of a Beckmann DU S p e c t r o p h o t o m e t e r . 
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I t was found t h a t a l l t h e m a t e r i a l s s t u d i e d a b s o r b i n t h e u l t r a v i o l e t 
r e g i o n a t wave l e n g t h s where d e c a l i n does n o t a b s o r b a p p r e c i a b l y . 
E x t i n c t i o n c o e f f i c i e n t s were c a l c u l a t e d a t wave l e n g t h s of maximum 
a b s o r b a n c e f o r e a c h of t h e m a t e r i a l s u s e d , and from t h e s e t h e c o n c e n ­
t r a t i o n of t h e o r i g i n a l c o n d e n s a t e was c a l c u l a t e d . Knowledge of t h e 
o r i g i n a l volume and c o n c e n t r a t i o n was u s e d t o d e t e r m i n e t h e number of 
moles c o n d e n s e d . 
C a l c u l a t i o n of E x t i n c t i o n C o e f f i c i e n t s . — T h e e x t i n c t i o n c o e f f i c i e n t s of 
t h e m a t e r i a l s u s e d a s s o l u t e s were d e t e r m i n e d by a n a l y s i s of known s o l u ­
t i o n s . A Beckmann DU S p e c t r o p h o t o m e t e r was u s e d t o m e a s u r e t h e a b s o r b ­
a n c e a t wave l e n g t h s where t h e a b s o r b a n c e was a t a maximum. The e x ­
p e r i m e n t a l d a t a u s e d t o d e t e r m i n e t h e e x t i n c t i o n c o e f f i c i e n t s a r e shown 
i n T a b l e s 9 - 15 i n t h e a p p e n d i x . The e x t i n c t i o n c o e f f i c i e n t s a r e g i v e n 
i n T a b l e 1 of t h e t e x t . The wave l e n g t h s g i v e n a r e s t a t e d t o t h e n e a r e s t 
m i l l i m i c r o n . 
The s t a n d a r d s o l u t i o n s u s e d were made by w e i g h i n g p u r e m a t e r i a l s 
i n t o a v o l u m e r i c f l a s k and d i l u t i n g t o t h e mark w i t h d e c a l i n . These 
s o l u t i o n s were d i l u t e d q u a n t i t a t i v e l y by w e i g h t t o c o n c e n t r a t i o n s g i v i n g 
o p t i c a l d e n s i t y r e a d i n g s be tween 0.2 and 0 . 6 . The c e l l l e n g t h u s e d i n 
a l l c a s e s was one c e n t i m e t e r . 
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T a b l e 1 
E x t i n c t i o n C o e f f i c i e n t s of A r o m a t i c Compounds i n D e c a l i n 
Compound Wave L e n g t h , S l i t W i d t h , e v a l u e 
u s e d , mu, mm. 
C,H, 261 0 . 2 8 ( 1 . 4 2 9 ± 0 . 0 3 4 ) x 1 0 2 
'6 l l 6 
C 6 H 5 B r 272 . 0 . 2 0 ( 1 . 4 6 7 ± 0 . 0 1 4 ) x 1 0 2 
• i r C 6 H 4 B r 2 279. 0 . 2 0 ( 3 . 1 3 0 ± 0 . 0 3 9 ) x 1 0 2 
- £ r C 6 H 4 B r 2 283 0 . 2 0 ( 2 . 6 5 7 ± 0 . 0 2 3 ) x 1 0 2 
C 6 H 5 N 0 2 254 0 . 2 8 ( 8 . 4 9 0 ± 0 . 0 8 1 ) x 1 0 3 
m - C 6 H 4 ( N 0 2 ) 2 267 0 . 2 0 ( 5 . 1 9 5 ± 0 . 1 5 0 ) x 1 0 3 
£ - C 6 H 4 ( N 0 2 ) 2 255 0 . 1 5 ( 1 . 1 0 5 ± 0 . 0 1 7 ) x 1 0 4 
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CHAPTER IV 
RESULTS 
Vapor P r e s s u r e M e a s u r e m e n t s . - - - T a b l e s 16 - 35 i n t h e a p p e n d i x g i v e t h e 
d a t a f o r t h e d e t e r m i n a t i o n of t h e v a p o r p r e s s u r e s and p a r t i a l p r e s s u r e s 
of t h e m a t e r i a l s b e i n g i n v e s t i g a t e d . 
The f o l l o w i n g c r i t e r i a w e r e a d o p t e d f o r c h o o s i n g t h e r e s u l t s 
n e c e s s a r y t o o b t a i n an a v e r a g e v a l u e f o r t h e v a p o r p r e s s u r e of a m a t e r i a l , , 
Some s t a n d a r d was r e q u i r e d , s i n c e t h e number of r u n s made b e f o r e a c o n ­
s t a n t v a l u e was r e a c h e d was v a r i a b l e . I n no c a s e was t h e r e s u l t from 
t h e p a s s a g e of t h e f i r s t 0 . 4 c u b i c f e e t of n i t r o g e n u s e d . Runs w e r e 
made u n t i l t h e l a s t "n^1 r u n s , n ^ - 4 , had an a v e r a g e d e v i a t i o n of l e s s t h a n 
3 . 5 p e r c e n t . The v a l u e of any one of t h e s e r u n s may be d i s c a r d e d i f i t s 
d e v i a t i o n from t h e a v e r a g e of t h e o t j i e r h - 1 v a l u e s i s g r e a t e r t h a n four 
t i m e s t h e a v e r a g e d e v i a t i o n of t h e o t h e r v a l u e s . 
- 3 
Two e x c e p t i o n s t o t h i s were made. I n t h e c a s e of 3 x 10 M 
n i t r o b e n z e n e s o l u t i o n , e x p e r i m e n t a l pn i n t e c h n i q u e c a u s e d v a r i a t i o n i n 
a n s w e r s , and two v a l u e s o u t of e i g h t w e r e d i s c a r d e d . I n t h e c a s e of 
b e n z e n e s o l u t i o n s , r a p i d d e p l e t i o n would n o t a l l o w t h e p a s s a g e of 0 . 4 
c u b i c f e e t of n i t r o g e n t o f i l l t h e s a t u r a t o r t u b e s n o t o r i g i n a l l y c o n ­
t a i n i n g s o l u t i o n w i t h o r g a n i c v a p o r . I n t h e s e c a s e s , o n l y 0 . 1 c u b i c 
f e e t of n i t r o g e n was u s e d b e f o r e b e g i n n i n g m e a s u r e m e n t b u t two a d d i ­
t i o n a l s a t u r a t o r t u b e s w e r e l o a d e d w i t h s o l u t i o n t o h e l p e s t a b l i s h 
e q u i l i b r i u m more q u i c k l y b e t w e e n t h e s o l u t i o n and t h e empty s a t u r a t o r 
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c o m p a r t m e n t s . 
Vapor P r e s s u r e of P u r e M a t e r i a l s . - - T h e v a p o r p r e s s u r e s of t h e l i q u i d 
a r o m a t i c compounds were d e t e r m i n e d by m e a s u r i n g t h e p r e s s u r e of t h e 
p u r e l i q u i d . The v a p o r p r e s s u r e s of t h e s o l i d s s t u d i e d w e r e o b t a i n e d 
by d e t e r m i n i n g t h e p a r t i a l p r e s s u r e of t h e s o l i d i n a s a t u r a t e d s o l u ­
t i o n i n d e c a l i n . S i n c e t h e u n d i s s o l v e d s o l u t e i s i n e q u i l i b r i u m w i t h t h e 
d i s s o l v e d s o l u t e , and t h e d i s s o l v e d s o l u t e i n e q u i l i b r i u m w i t h t h e 
v a p o r , i t f o l l o w s t h a t t h e v a p o r must be i n e q u i l i b r i u m w i t h t h e u n ­
d i s s o l v e d s o l u t e . These v a l u e s f o r v a p o r p r e s s u r e a r e l i s t e d i n T a b l e 
2. I n T a b l e 3 , t h e v a p o r p r e s s u r e s f o r t h e d e c a l i n s o l u t i o n s a r e g i v e n . 
A c t i v i t y G o e f f i c i e n t s . — T h e a c t i v i t y c o e f f i c i e n t of s o l u t e X i n s o l v e n t 
S i s d e f i n e d a s t h e r a t i o of t h e a c t i v i t y of X t o i t s m o l a r c o n c e n t r a ­
tion:. 
f
 s
 = \ 
X S 
I f t h e s o l u t i o n i s i n e q u i l i b r i u m w i t h t h e g a s p h a s e , t h e n t h e a c t i v i t y 
of X i n s o l u t i o n i s n u m e r i c a l l y e q u a l t o t h e a c t i v i t y of X i n t h e gas 
p h a s e i f b o t h a c t i v i t i e s a r e e x p r e s s e d r e l a t i v e t o t h e same s t a n d a r d s t a t e , 
I f t h e g a s e o u s s t a t e i s t a k e n a s t h e s t a n d a r d s t a t e , and t h e g a s i s b e ­
h a v i n g i d e a l l y , t h e a c t i v i t y i s e q u a l t o t h e p a r t i a l p r e s s u r e of t h e 
g a s . Hence , 
f s p x 
x
 —— • 
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T a b l e 2 
Compound Vapor P r e s s u r e , mm. 
b e n z e n e 146 .8 +_ 0 . 4 
bromobenzene 7 .483 _+ 0 . 0 8 3 a 
m- d ibromobenzene ( 4 . 2 8 3 +_ 0 . 0 7 7 ) x 10" 1 
_p_- d i b r omob enz ene ( 1 . 3 3 5 ± - i b 0 . 0 4 5 ) x 10 
n i t r o b e n z e n e ( 6 . 0 0 0 +_ - l
c 
0 . 0 8 9 ) x 10 
j n - d i n i t r o b e n z e n e ( 8 . 1 5 0 +_ 0 . 1 6 3 ) x 1 0 " 4 
j v - d i n i t r o b e n z e n e 2 .246 +_ 0 . 0 4 7 x 1 0 " 4 
d e c a l i n 1 .833 +_ 0 . 0 2 1 
t o l u e n e 4 6 . 7 d 
Hl-xylene 1 5 . 2 d 
^. -xy lene 1 5 . 8 d 
a 
Data of D r e y e r .e t _al,. (14) g i v e a v a l u e of 7 .75 mm. 
14. V. R. D r e y e r , W. M a r t i n , and U. Weber, J_. p r a c t . Chem.
 T T4 ] T 
324 ( 1 9 5 5 ) . 
b 
Data of Walsh and Smi th (15) g i v e a v a l u e of 0 . 1 4 mm. 
15 . P. , N. Walsh and N. 0 . S m i t h , J . . Chem. Eng. D a t a . £ , 33 ( 1 9 6 1 ) . 
c 
Data of Lynch and Wi lke (16) g i v e a v a l u e of 0 . 5 6 mm. 
16. E. L. Lynch and C. R. W i l k e , i b i d . . 300 ( 1 9 6 0 ) . 
d 
From d a t a of W i l l i n g h a m e t a l . (6) p r o b a b l e p r e c i s i o n of t h i s d a t a 
i s ± 0 . 0 2 - 0 . 0 4 mm. 
Vapor P r e s s u r e s of P u r e M a t e r i a l s a t 35°C 
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I f t h e s o l u t i o n s a r e s u f f i c i e n t l y d i l u t e , f w i l l be c o n s t a n t f o r 
S 
v a r y i n g v a l u e s of . 
The p a r t i a l p r e s s u r e of m a t e r i a l s u n d e r s t u d y w e r e m e a s u r e d i n 
q u i t e d i l u t e s o l u t i o n s or i n a number of s o l u t i o n s of d i f f e r e n t c o n c e n ­
t r a t i o n s i n o r d e r t o d e t e r m i n e t h a t t h e a c t i v i t y c o e f f i c i e n t was c o n s t a n t . 
Where more t h a n one p r e s s u r e t o c o n c e n t r a t i o n r a t i o was d e t e r m i n e d ^ t h e 
v a l u e s o b t a i n e d w e r e a v e r a g e d . For o t h e r s u b s t a n c e s , a s i n g l e m e a s u r e ­
ment was made. 
The e x p e r i m e n t a l d a t a f o r a l l d e t e r m i n a t i o n s a r e found i n 
T a b l e s 9 - 38 i n t h e a p p e n d i x . T a b l e s 36 - 38 g i v e t h e d a t a f o r t h e 
i n d i v i d u a l d e t e r m i n a t i o n s of t h e s o l u b i l i t y i n d e c a l i n a t 35°C of t h e 
s o l i d compounds s t u d i e d . 
From t h e r e s u l t s of T a b l e 3 f o r s o l u t i o n s i n d e c a l i n , t h e . a c t i v i t y 
c o e f f i c i e n t s w e r e c a l c u l a t e d . These r e s u l t s a r e g i v e n i n T a b l e 4 . 
The a c t i v i t y c o e f f i c i e n t s f o r s o l u t i o n s i n w a t e r w e r e o b t a i n e d i n 
a somewhat d i f f e r e n t f a s h i o n . I n s u c h c a s e s , c o n s i d e r i n g a s a t u r a t e d 
s o l u t i o n o n l y , t h e e x p r e s s i o n 
^ w a t e r P v 
1 w a t e r s o l x 
•• w a t e r . ^ . , i s o b t a i n e d , w h e r e t h e t erm s o l v i s t h e c o n c e n t r a t i o n i n moles p e r 
l i t e r of a s a t u r a t e d s o l u t i o n of s u b s t a n c e X i n w a t e r . Assuming t h a t t h e 
s o l u t e i n e q u i l i b r i u m w i t h t h e s a t u r a t e d s o l u t i o n c o n t a i n s so l i t t l e 
w a t e r t h a t i t s a c t i v i t y i s t h e same a s t h a t of t h e p u r e s u b s t a n c e , P^ 
may be t a k e n a s t h e v a p o r p r e s s u r e of t h e p u r e s u b s t a n c e . The s o l u b i ­
l i t i e s of t h e s e m a t e r i a l s i n w a t e r a r e a v a i l a b l e from p r e v i o u s 
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T a b l e 3 
Compound C o n e , M P a r t i a l P r e s s u r e , mm. 
b e n z e n e a p p r o x . < a 
.3 .682 
1.072 
X 
X 
1 G
- 2 
1 0 
1.180 
( 3 . 3 8 3 _+ 
0 . 0 0 4 
0 . 0 4 9 ) X 1 0 - 1 
bromobenzene 1.045 
9 .769 
X 
X. 
< 
10 
( 1 . 9 2 7 
( 1 . 8 0 4 
_+ 
_+ 
0 . 0 3 1 ) 
0 . 0 4 0 ) 
X 
X 
< 
10 
-jn- d i b r omob enz ene 9 .937 
1.014 
X 
X < 
10 
( 1 . 2 3 6 
( 1 . 3 0 0 
+_ 
+_ 
0 . 0 1 3 ) 
0 . 0 1 9 ) 
X 
X 1 0 
J 3 - d i b r omobenz ene ( 9 . 7 9 0 _+ 0 . 3 4 0 ) X - l
b 
10 ( 1 . 3 3 5 +_ 0 . 0 4 5 ) X 1 0 -
1 
1.061 X 1 0 " 2 (1.386^ ± 0 . 0 4 3 ) X 1 0 ~ 3 
3 .211 X 10-2 ( 4 . 2 2 4 _+ 0 . 1 3 4 ) X i ( T 3 
n i t r o b e n z e n e 3 .462 X io - , 3 ( 2 . 9 8 3 _+ 0 . 0 4 9 ) X - 3 1 0 J 
3 .409 X 1 0 ' 4 ( 2 . 8 4 5 0 . 0 7 5 ) X 1 0 " 4 
1.150 X 1 0 ~ 3 ( 9 . 0 0 3 0 . 0 9 0 ) X 1 0 ~ 4 
m - d i n i t r o b enz ene ( 2 . 5 7 9 +_ 0 . 0 5 1 ) X 10 2 ( 8 . 1 5 0 0 . 1 6 3 ) X 1 0 ~ 4 
J 3 ~ d i n i t r o b e n z e n e ( 5 . 6 0 0 0 . 2 6 1 ) X 1 0 " 3 b ( 2 . 2 4 6 +_ 0 . 0 4 7 ) X 1 0 ~ 4 
a 
Two d i f f e r e n t c o n c e n t r a t i ons of a p p r o x i m a t e l y 0 . 1 -M. w e r e u s e d . 
b 
These a r e s a t u r a t e d s o l u t i o n s . 
P a r t i a l P r e s s u r e s of S o l u t i o n s i n D e c a l i n 
e x p e r i m e n t a l work and a r e l i s t e d i n T a b l e 5 . 
C a l c u l a t i o n of Tau D i f f e r e n c e s . - - T h e d i f f e r e n c e be tween t a u i n p h a s e A 
A B f , and t a u i n p h a s e B, *T , i s g i v e n by t h e f o l l o w i n g f o r m u l a . (See 
i n t r o d u c t i o n f o r d e f i n i t i o n of t e r m s . ) 
f B f B 
r PhH V P h X
 A B 2 
l o g 1 = (T - T )(cr
 Y ) 
(f ) v
 PhX' 
The a c t i v i t y c o e f f i c i e n t s a r e t h o s e i n p h a s e B w i t h r e s p e c t t o A a s a 
s t a n d a r d s t a t e . A s i m i l a r e q u a t i o n can be w r i t t e n f o r t h e meta c a s e . 
Tau d i f f e r e n c e s c a n be c a l c u l a t e d b e t w e e n t a u i n t h e gas p h a s e 
7*^, and *tau i n s o l u t i o n s i n d e c a l i n , f^, by t h e e q u a t i o n 
f PhH F A - P h X 2 G ~ D W , 2 
w h e r e f = P x 
x ~-
c o n c . 
Tau d i f f e r e n c e s b e t w e e n t h e gas p h a s e and w a t e r a r e c a l c u l a t e d 
from t h e f o l l o w i n g e q u a t i o n , 
P P h H P £ - P h X 0 ( s o l W p , Y ) 2 _ _ G , . W w 9 
I O * - - I F ^ ( R - R ) ( 0
 X ) 
( P P h X ) 3 0 1 P h H S Q l jx-PhX 
2 
These t a u d i f f e r e n c e s a r e summarized i n T a b l e s 6 and 7. 
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T a b l e 4 
Compound P r e s s . / € o n c . 
b e n z e n e 
bromobenzene 
m-dibromobenzene 
-ja-di bromobenzene 
n i t r o b e n z e n e 
j a - d i n i t r o b e n z e n e 
J 3 - d i n i t r o b e n z e n e 
31 .58 ± 0 . 3 1 
1.846 +, 0 . 0 0 2 
0 .1262 ± 0 . 0 0 2 0 
0 . 1 3 2 8 ± 0 . 0 0 2 4 
0 . 8 2 6 3 + 0 . 0 2 9 0 
( 3 . 1 6 0 + 0 . 0 8 9 ) x 10" 
( 4 . 0 1 1 + 0 . 2 0 2 ) x 10" 
A c t i v i t y C o e f f i c i e n t s of Compounds i n D e c a l i n S o l u t i o n s of Known Con­
c e n t r a t i o n w i t h R e f e r e n c e t o t h e Gas Phase« f 
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T a b l e 5 
Compound S o l u b i l i t y , M 
b e n z e n e 2 .420 X i < f 2 
bromobenzene ( 2 . 9 2 2 +_ 0 . 0 4 8 ) X lO" 3 
d i bromobenzene ( 2 . 8 6 0 +_ 0 . 1 2 3 ) X I D " 4 
jv- d i b r omobenz ene ( 1 . 1 2 0 _+ 0 . 0 5 1 ) X lO" 4 
n i t r o b e n z e n e ( 1 . 8 3 5 _+ 0 . 0 2 1 ) X l O ' 2 
m - d i n i t r o b e n z e n e ( 4 . 6 7 2 _+ 0 . 0 6 8 ) X l o" 3 
j L - d i n i t r o b e n z e n e ( 6 . 1 6 7 +_ 0 . 1 4 3 ) X lO" 4 
t o l u e n e 7 . 1 3 X - 3
b 
10 J 
TQ-xylene 1.92 x 1 0 " 3 b 
j>xylene 1.94 x 10 J 
a 
U n l e s s o t h e r w i s e s t a t e d , t h e s e d a t a w e r e o b t a i n e d by Ramsey ( 1 7 ) . 
17. 0 . B. Ramsey, u n p u b l i s h e d r e s u l t s , 
b 
Data of Bohon and C l a u s s e n (18). P r e c i s i o n i s a p p r o x i m a t e l y t h r e e 
p e r c e n t . 
18. R. L. Bohon and W.. F . C l a u s s e n , J_. Ajn. Chem. S o c . . 7 3 . 1571 
( l . ? 5 l ) . 
S o l u b i l i t i e s of C e r t a i n Organic , Compounds i n Water a t 35°C 
5 2 
T R E A T M E N T O F A V E R A G E D E V I A T I O N S . — S T A T I S T I C A L M E T H O D S A R E A V A I L A B L E F O R 
T H E C O M B I N A T I O N O F T H E S T A N D A R D D E V I A T I O N S O F C O M P L E X F U N C T I O N S ( 1 9 ) . 
I F T H E F U N C T I O N , F , I S E Q U A L T O A B , T H E N 
, K 2^2 . A 2 A2v 1/2 A P - ( A A B + A ^ A ) 
I F T H E F U N C T I O N , F , I S E Q U A L T O A / B , T H E N 
2
 \ 1/2 
2 
I F T H E F U N C T I O N , F , I S E Q U A L T O C , T H E N 
Ap - 2 A c c 
2 
I F T H E F U N C T I O N , F , I S E Q U A L T O A B / C , T H E N 
2 
I F T H E F U N C T I O N , F , I S E Q U A L T O C / A B , T H E N 
0 I A 2 A 2 / A 2 \ 1 / 2 
A F - C [ A + ^ + 
A B \ A 2 B 2 C 2 
T H E T E R M A R E F E R S T O T H E R O O T M E A N S Q U A R E D E V I A T I O N A N D I S A L S O 
T E R M E D T H E S T A N D A R D D E V I A T I O N . T H I S I S R E L A T E D T O T H E A V E R A G E D E V I A T I O N , 
1 9 . G . B . C O O K A N D J . F . D U N C A N , M O D E R N R A D I O C H E M I C A L P R A C T I C E . 
T H E C L A R E N D O N P R E S S , O X F O R D , E N G L A N D , 1 9 5 2 , P . 6 0 . 
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a , by t h e e x p r e s s i o n a = A J ^ ( 2 0 ) . 
I n t h e c a l c u l a t i o n s t h a t f o l l o w , t h e e x p e r i m e n t a l a v e r a g e d e v i a ­
t i o n s were c o n v e r t e d t o s t a n d a r d d e v i a t i o n s and s t a t i s t i c a l l y combined 
a c c o r d i n g t o t h e above f o r m u l a s . The combined s t a n d a r d d e v i a t i o n was 
t h e n r e l a t e d back t o an a v e r a g e d e v i a t i o n and t h e d e v i a t i o n of t a u 
d i f f e r e n c e s t h e n c a l c u l a t e d . 
C o r r e l a t i o n of Tau D i f f e r e n c e s . - " I f a p l o t i s made of t h e l o g a r i t h m 
2 
of t h e m a t h e m a t i c a l l y combined a c t i v i t y c o e f f i c i e n t s v s . t h e a t e r m 
i, 
i n t h e e q u a t i o n . 
f B B 
r PhX V'PWX,
 2 
l o g
 2
 z
 = (Tk " ' P p t e g - x ) » a s t r a i g h t l i n e 
(f B ) 
s h o u l d r e s u l t whose s l o p e i s t h e d i f f e r e n c e i n t a u v a l u e s , bff'. These 
p l o t s a r e shown i n F i g s . 4 and 5 . 
Data f o r t o l u e n e and meta and p a r a x y l e n e , shown i n F i g . 5 , 
were o b t a i n e d from r e p o r t e d l i t e r a t u r e v a l u e s f o r s o l u b i l i t y i n w a t e r ( 1 8 ) 
and t h e v a p o r p r e s s u r e s ©f t h e p u r e m a t e r i a l s ( 6 , 1 6 ) . 
A p p l i c a t i o n of R e s u l t s . — T h e i d e a of m o l e c u l a r p r o p e r t i e s b e i n g a d d i t i v e 
was p r o p o s e d by Benson and Buss (21) f o r d i s p r o p o r t i o n r e a c t i o n s of t h e 
t y p e RNR + SNS *^ 2RNS. For any m o l e c u l a r p r o p e r t y , t h e d i f f e r e n c e 
i n t h a t p r o p e r t y s h o u l d a p p r o a c h z e r o a s t h e s e p a r a t i o n be tween R and S 
20 . H. Margenau and G. M. Murphv. The M a t h e m a t i c s of C h e m i s t r y 
and P h v s i c s . D. Van N o s t r a n d and Company, I n c . , New York , N. Y . , 1943 , 
p . 496 . 
2 1 . S. W. Benson and J . H. B u s s , J,, Chem. P h v s . . 29 f- 546 ( 1 9 5 8 ) . 
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Tables 6 
Summary of Tau D i f f e r e n c e s from A c t i v i t y C o e f f i c i e n t s i n Water w i t h 
R e f e r e n c e t o t h e Vapor S t a t e . 
S u b s t i t u e n t f P h H f P h X 0 er v a l u e 3 A *f A T 2 
2 
m-Br 1.379 ± 0 . 0 9 8 0 . 3 9 1 0 . 9 0 ± 0 . 2 0 
j r B r 1.099 ± 0 . 0 7 5 0 . 2 3 2 0 . 6 3 ± 0 . 4 8 
nrN© 2 0 . 9 8 8 ± 0 .047 0 . 7 1 0 — - I - 0 . 0 1 ± 0 . 0 4 
£ . -N0 2 2 .062 ± 0 . 0 9 6 0 . 7 7 8 0 . 5 2 ± 0 . 0 3 — 
Hi-CH3 1 .11 ± 0 . 1 0 - 0 . 0 6 9 1 1 . 6 ± 1 1 . 4 
£.-CH 3 1 .16 ± c 0 o l 3 - 0 . 1 7 0 3 . 6 5 ± 2 .90 
a 
The er v a l u e s a r e t h o s e r e p o r t e d by Hine*, ( 2 2 ) . 
22. J . H i n e , P h y s i c a l O r g a n i c C h e m i s t r y . McGraw-Hil l Book 
Book Company, I n c . , New York , N=. Y . , 1956, p . 72 . 
55 
T a b l e 7 
S u b s t i t u e n t f P h H PhX„ CT v a l u e AT. 
( f P h X > ' 
m-Br 
j r B r 
1,172 ± 0 . 0 5 4 
1*233 + 0 .047 
1 .461 ± 0 . 1 1 2 
1 .861 •+. 0 . 1 6 2 
0 . 3 9 1 
0.2.32 
0 . 7 1 0 
0 . 7 7 8 
1.40 + 0 . 2 5 
0 . 4 4 ± 0 . 0 6 
m 
0 . 4 5 ± 0 . 1 3 
0 . 3 3 ± 0 . 0 7 
a 
The o" v a l u e s a r e t h o s e r e p o r t e d by Hine; (22|F. 
J. 
Summary of Tau, D i f f e r e n c e s from A c t i v i t y C o e f f i c i e n t s i n D e c a l i n 
S o l u t i o n w i t h R e f e r e n c e t o t h e Vapor S t a t e 
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g r o u p s i n t h e m o l e c u l e i n c r e a s e s . I n a l i m i t i n g c a s e where t h e d i s t a n c e 
b e t w e e n g r o u p s becomes so l a r g e t h a t t h e y no l o n g e r i n f l u e n c e one a n o t h e r , 
t h e atoms s h o u l d c o n t r i b u t e a d d i t i v e l y t o many m o l e c u l a r p r o p e r t i e s . The 
a d d i t i v i t y a c c u r a c y s h o u l d i n c r e a s e w i t h l a r g e m o l e c u l e s . 
The e q u a t i o n p r o p o s e d by Hine i s an e x t e n s i o n of t h i s i d e a . I t 
c o n s i d e r s t h e e f f e c t s be tween t h e two g r o u p s when t h e d i s t a n c e b e t w e e n 
them i s n o t i n f i n i t e l y l a r g e . I n t h e e x p r e s s i o n 
f P h H f PhX_ _
 2 
l o g — - A T ( o - x r 
i f t h e p r o p o s a l of Benson and Buss may be a p p l i e d t o a c t i v i t y c o e f f i ­
c i e n t s , t h e combined a c t i v i t y c o e f f i c i e n t s h o u l d a p p r o a c h u n i t y a s the 
d i s t a n c e be tween X g r o u p s becomes i n f i n i t e . T h i s would c a u s e t h e l o g a r i t h m 
t o become z e r o and t a u would become z e r o a s w e l l . T h i s i s i n a c c o r d w i t h 
t a u r e p r e s e n t i n g t h e t r a n s m i t t a n c e of e f f e c t be tween t h e two g r o u p s w h i c h 
would be n o n - e x i s t e n t a t i n f i n i t e d i s t a n c e be tween g r o u p s . One would 
a l s o p r e d i c t t h a t i f t a u were o t h e r t h a n z e r o , i t would be a p o s i t i v e 
number r e p r e s e n t i n g a p o s i t i v e t r a n s m i t t a l of e f f e c t be tween two g r o u p s 
n o t s u f f i c i e n t l y f a r a p a r t t o be i n d e p e n d e n t of e a c h o t h e r . 
Measurement s have been made i n two v e r y d i f f e r e n t l i q u i d m e d i a , 
w a t e r and a s a t u r a t e d h y d r o c a r b o n d e c a l i n . I n a d d i t i o n , t h e s e m e a s u r e ­
m e n t s g i v e i n f o r m a t i o n a b o u t a t h i r d medium, t h e gas p h a s e . 
A c c o r d i n g t o t h e above e q u a t i o n , a p l o t of t h e l o g a r i t h m of t h e 
2 
a c t i v i t y c o e f f i c i e n t t e r m .yjs.. a , a s shown i n F i g . 4 and F i g . 5, s h o u l d 
g i v e a s t r a i g h t l i n e whose s l o p e i s t h e d i f f e r e n c e i n t a u v a l u e s f o r 
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t h e two media u n d e r c o n s i d e r a t i o n . For t h e d a t a of F i g . 4 , t h e a c t i v i t y 
c o e f f i c i e n t s i n d e c a l i n , b o t h meta and p a r a s u b s t i t u e n t s g i v e p o i n t s 
t h a t l i e f a i r l y n e a r a s t r a i g h t l i n e . The p l o t of t h e d a t a f o r a c t i v i t y 
c o e f f i c i e n t s i n w a t e r ( F i g . 5) shows t h a t t h e p o i n t s f o r t h e p a r a s u b -
L 
s t i t u e n t s l i e n e a r a s t r a i g h t l i n e b u t t h o s e f o r t h e meta s u b s t i t u e n t s 
do n o t . The s l o p e of t h e l i n e s i n F i g s . 4 and 5 show ' 7 ^ d i f f e r e n c e s of 
0 . 5 3 and 0 . 6 0 and T d i f f e r e n c e s of 0 . 3 5 and 0 . 2 2 1 be tween d e c a l i n and 
i l l 
t h e gas p h a s e and between w a t e r and t h e g a s p h a s e , r e s p e c t i v e l y . These 
d i f f e r e n c e s a r e i n t h e d i r e c t i o n e x p e c t e d . However, t h e d i f f e r e n c e s i n 
t a u a r e no l a r g e r t h a n t h e u n c e r t a i n t y t h a t a l r e a d y e x i s t s c o n c e r n i n g t h e 
v a l u e of t a u i n a q u e o u s s o l u t i o n , where 7 " ^ v a l u e s of 2 . 6 6 , 2 . 8 4 , 3 . 5 3 , 
and 3 .57 and T £ v a l u e s of 2 . 8 7 , 2 . 9 1 , 3 . 0 5 , and 3 .50 have been c a l ­
c u l a t e d ( 2 , 3 ) . I n a d d i t i o n , a c o m b i n a t i o n of t h e t a u d i f f e r e n c e s b e t w e e n 
w a t e r and t h e v a p o r s t a t e , and be tween d e c a l i n and t h e v a p o r s t a t e , g i v e s 
a 7 F d i f f e r e n c e of 0 . 0 7 and a 7 " " d i f f e r e n c e of - 0 . 1 3 be tween w a t e r and 
d e c a l i n . Thus v a l u e s n o t s i g n i f i c a n t l y d i f f e r e n t from z e r o a r e o b s e r v e d 
b e t w e e n t a u f o r w a t e r , whose d i e l e c t r i c c o n s t a n t i s 8 0 , and t a u f o r 
d e c a l i n , whose d i e l e c t r i c c o n s t a n t i s 2 . 2 . J u s t a s p r e v i o u s work had 
g i v e n 4 * - and 7 " v a l u e s w i t h i n e x p e r i m e n t a l e r r o r of e a c h o t h e r ( 2 , 3 ) , 
t h e ' s and A T * ' s a r e w i t h i n e x p e r i m e n t a l e r r o r of e a c h o t h e r . 
m 2. 
The a v e r a g e d e v i a t i o n of t h e p o i n t s i n F i g s . 4 and 5 ( e x c l u d i n g 
t h e p o i n t s f o r h y d r o g e n w h i c h f i t by d e f i n i t i o n ) i s 0 . 0 5 2 l o g u n i t s . 
1 
T h i s i s t h e b e s t l i n e t h a t can be drawn for t h e s e p o i n t s , b u t 
t h e d e v i a t i o n s a r e so l a r g e t h a t t h e e q u a t i o n i s n o t r e a l l y obeyed . 
60 
T h i s v a l u e i s s m a l l e r t h a n t h e 0 . 0 7 1 l o g u n i t s found by Hammett f o r t h e 
f i r s t 52 r e a c t i o n s e r i e s t o which t h e Hammett e q u a t i o n was applied©.(23) . 
N e v e r t h e l e s s , i t seems p r o b a b l e t h a t t h e r e a r e s p e c i f i c s o l v e n t a r o m a t i c 
i n t e r a c t i o n s t h a t r e s u l t i n d e v i a t i o n s . The d e v i a t i o n of t h e p o i n t f o r 
m - n i t r o i n F i g . 5* may be due t o s u c h an i n t e r a c t i o n . S i n c e t h e o n l y 
datum u s e d i n d e t e r m i n i n g t h i s p o i n t t h a t was n o t u s e d i n d e t e r m i n i n g t h e 
j a - n i t r o p o i n t i n F i g . 4 , where r e a s o n a b l e a g r e e m e n t e x i s t s , i s t h e 
s o l u b i l i t y of j&-dini t r o b e n z e n e i n w a t e r , t h e r e may be an i n t e r a c t i o n b e ­
tween t h e b a s i c oxygen of w a t e r and t h e c a r b o n atoms o r t h o and p a r a t o 
t h e n i t r o g r o u p s i n m - d i n i t r o b e n z e n e . 
Such an i n t e r a c t i o n i s a n a l o g o u s t o t h a t w h i c h r e s u l t s i n t h e p u r p l e 
s o l u t i o n of . m ^ d i n i t r o b e n z e n e i n l i q u i d ammonia# ( 2 4 ) . A l t h o u g h t h e 
2 3 . L. P . Hammett, P h y s i c a l O r g a n i c C h e m i s t r y , McGraw-Hil l Book 
Company, I n c . , New York, N. Y . , 1940, p . 192. 
24. J . D. F£rr , C. C. B a r d , and G. W. Wheland, J_. Am. Chem. 
S o £ . , 2 1 , 2013 ( 1 9 4 9 ) . 
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c o n t r i b u t i o n of t h e second and t h i r d r e s o n a n c e forms may n o t be l a r g e 
enough t o change t h e e l e c t r o n i c s t r u c t u r e of-ja-'dini t r o b e n z e n e g r e a t l y , 
i t may a c c o u n t f o r t h e i n c r e a s e d s o l u b i l i t y i n w a t e r which c a u s e s t h e 
a c t i v i t y c o e f f i c i e n t f o r t h i s compound i n w a t e r w i t h r e f e r e n c e t o t h e 
g a s p h a s e t o be s m a l l e r t h a n e x p e c t e d . 
I t i s a l s o p o s s i b l e t h a t t h e s o l i d i n e q u i l i b r i u m w i t h a s a t u r a t ­
ed a q u e o u s s o l u t i o n may be h y d r a t e d or t h a t i n e q u i l i b r i u m w i t h a s a t u r a t ­
ed d e c a l i n s o l u t i o n may c o n t a i n d e c a l i n of c r y s t a l l i z a t i o n . Therefore , , , 
t h e a s s u m p t i o n t h a t t h e s o l i d p h a s e p r e s e n t in- t h e two c a s e s i s t h e same 
i s n o t w a r r a n t e d . Were t h i s p o i n t o m i t t e d , t h e a v e r a g e d e v i a t i o n of p o i n t s 
i n F i g s . 4 and 5 would be 0 . 0 3 6 . 
These d a t a g i v e s e v e r a l i m p o r t a n t i n d i c a t i o n s . To w h a t e v e r 
e x t e n t t h e t r a n s m i s s i o n of s u b s t i t u e n t e f f e c t i n a b e n z e n e r i n g h a s 
been m e a s u r e d i n t e r m s of t h e p r o p o r t i o n a l i t y c o n s t a n t s " 7 * and T * , t h e 
v a l u e s of t h e s e c o n s t a n t s change v e r y l i t t l e w i t h t h e n a t u r e of t h e 
s o l v e n t . I t i s a l s o s een t h a t t h e e q u i l i b r i u m c o n s t a n t s f o r d i s p r o p o r t i © n a ­
t i o n of t o l u e n e , bromobenzene , and n i t r o b e n z e n e : 
2C-HCX ^ C,H, + C,H.X n 6 5 6 6 6 4 2 
w i l l change by a c t i v i t y c o e f f i c i e n t r a t i o s l i s t e d i n T a b l e s 6 and 7. 
Over t h e r a n g e of media s t u d i e d , w a t e r , d e c a l i n , and g a s , no change w i l l 
be more t h a n a b o u t two f o l d . 
These r e s u l t s may a p p l y g e n e r a l l y t o i n t e r a c t i o n s of e l e c t r i c a l l y 
n e u t r a l s u b s t i t u e n t s which a r e t h e o n l y t y p e s t u d i e d h e r e . I t i s n o t 
r e a s o n a b l e t o e x p e c t t h a t o* c o n s t a n t s f o r e l e c t r i c a l l y c h a r g e d s p e c i e s 
would be s o l v e n t - i n d e p e n d e n t . 
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I t h a s been shown (2) f o r t h e r e a c t i o n 
ArX L A r X 2 , 
t h a t 
I f t a u i s r e l a t i v e l y s o l v e n t - i n d e p e n d e n t a s i s shown above t h e n o b s e r v e d 
c h a n g e s i n O must be due t o c h a n g e s i n GJY o r CT . I n a l m o s t a l l of 
I X l X 2 
t h e c a s e s where p does c h a n g e , e i t h e r X^ or i s a c h a r g e d g r o u p , and 
c h a n g e s i n o" m i g h t be e x p e c t e d due t o s u b s t i t u e n t - s o l v e n t i n t e r a c t i o n . 
I 
1 
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CHAPTER V 
CONCLUSION 
The d a t a o b t a i n e d i n t h e p r e s e n t work s u p p o r t t h e c o n c e p t t h a t 
i n a d i s p r o p o r t i o n r e a c t i o n of t h e t y p e PhX^ + PhH «- 2PhX, t h e 
m o l e c u l a r p r o p e r t i e s of t h e m o n o - s u b s t i t u t e d p r o d u c t can be e x p r e s s e d 
a s a c o m b i n a t i o n of t h o s e of t h e n o n - s u b s t i t u t e d and d i s u b s t i t u t e d 
2 
r e a c t a n t s . The r a t i o f
 u f-r,, v / ( f T , U Y ) i s r e a s o n a b l y c l o s e t o u n i t y . 
r TIN IR h a
 2 NA. 
The d e v i a t i o n s from u n i t y show t h a t p l a c i n g g r o u p s i n meta or p a r a 
p o s i t i o n s on a b e n z e n e r i n g does n o t s e p a r a t e them s u f f i c i e n t l y t o 
make them i n d e p e n d e n t of one a n o t h e r . A p r e v i o u s l y d e r i v e d e q u a ­
t i o n c o r r e l a t e s t h e s e d i f f e r e n c e s w i t h r e a s o n a b l e a c c u r a c y . 
APPENDIX 
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C o r r e c t i o n s on Data P r e s e n t e d 
A l l of t h e v a l u e s f o r w e i g h t s of c o n d e n s a t e s i n t h e f o l l o w i n g 
t a b l e s a r e u n c o r r e c t e d f o r t h e w e i g h t of w a t e r c o l l e c t e d . To d e t e r m i n e 
t h e w e i g h t of m o i s t u r e i n any e x a m p l e , m u l t i p l y t h e c u b i c f e e t of 
n i t r o g e n by 0 . 0 0 4 1 9 g. H^O/cu. f t . To d e t e r m i n e t h e w e i g h t of t h e 
m o i s t u r e - f r e e d e c a l i n s o l u t i o n , s u b t r a c t t h e a p p r o p r i a t e w e i g h t of 
m o i s t u r e from t h e w e i g h t of c o n d e n s a t e . 
Some of t h e o p t i c a l d e n s i t i e s , ( O . D . ) , g i v e n i n t h e f o l l o w i n g 
t a b l e s have been c o r r e c t e d f o r d i f f e r e n c e s i n a b s o r p t i o n be tween d e c a l i n 
t h a t h a s come from t h e s a t u r a t o r and t h e o r i g i n a l d e c a l i n u s e d . These 
v a l u e s t h a t h a v e been c o r r e c t e d a r e i n d i c a t e d by a "c" a f t e r t h e o p t i c a l 
d e n s i t y v a l u e . To f i n d t h e c o r r e c t i o n a p p l i e d , t a k e t h e o p t i c a l d e n s i t y 
d i f f e r e n c e a t t h e a p p r o p r i a t e wave l e n g t h from T a b l e 8 and d i v i d e by 
t h e e x t e n t t o which t h e s o l u t i o n was d i l u t e d . A d d i t i o n of t h i s f a c t o r 
t o t h e o p t i c a l d e n s i t y v a l u e g i v e n w i l l p r o v i d e t h e o p t i c a l d e n s i t y of 
t h e u n c o r r e c t e d d i l u t e c o n d e n s a t e . 
I n g e n e r a l , d i l u t i o n s were made on a w e i g h t b a s i s . I n some c a s e s 
where t h e d i l u t i o n i s i n d i c a t e d a s b e i n g on a volume b a s i s , o r i g i n a l 
w e i g h t s were conver ted , t o t h e volume g i v p n and t h e n d i l u t e d i n a 
v o l u m e t r i c f l a s k . 
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T a b l e 8 
254 0 . 0 6 8 
255 0 . 0 6 8 
261 0 . 0 2 5 
267 0 .020 
272 0 . 0 3 0 
279 0 .046 
283 0 .051 
D i f f e r e n c e s i n A b s o r p t i o n Between D e c a l i n Condensed from t h e S a t u r a t o r 
and t h e O r i g i n a l D e c a l i n a t V a r i o u s Wave L e n g t h s , 
Wave L e n g t h , O p t i c a l D e n s i t y 
(mu.) d i f f e r e n c e 
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Sample C a l c u l a t i o n of t h e P a r t i a l P r e s s u r e of Bromobenzene i n a 1 .045 x 
- 2 
10 M S o l u t i o n i n D e c a l i n . 
In t h e f i r s t r u n made on t h i s - s o l u t i o n , 0 .6999 c u . f t . of n i t r o g e n 
was u s e d a t -an a v e r a g e t e m p e r a t u r e of 76 .3 °F and a b a r o m e t r i c p r e s s u r e of 
7 3 6 . 9 mm.,, ,and 0 . 2 3 4 3 g. of c o n d e n s a t e was c o l l e c t e d . T h i s was d i l u t e d 
w i t h d e c a l i n t o 6 .606 g. and a n a l y z e d on a Beckman DU S p e c t r o p h o t o m e t e r . 
I t was found t o have an o p t i c a l d e n s i t y of 0 . 3 8 4 . 
C o r r e c t i o n f o r m o i s t u r e c o l l e c t e d : 
g. of c o n d e n s a t e 0 . 2 3 4 3 g. 
g, of m o i s t u r e - 0 . 6 9 9 9 c u . f t . x 0 .00419 g . / 
H2'0 cu f t . 0 . 2 3 1 4 g. 
0 . 0 0 2 9 
C o n c e n t r a t i o n of d i l u t e s o l u t i o n : 
c e l l l e n g t h = 1 cm. 
C = 0 ^ . 
e x 1 
=
 0 . 3 8 4 = 2 .618 x 10 - 3 
0 .1467 x 1 0 3 
C o n c e n t r a t i o n of o r i g i n a l s o l u t i o n 
M = 7 .379 x 10 
- 2 
Volume of o r i g i n a l s o l u t i o n : ( a s d e c a l i n ) 
V = w t . = Q,2314 = 0 . 2 6 1 8 m l . 
D. 0 . 8 8 4 
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No. of moles C ,H c Br c o l l e c t e d . 6 5 
n o . of moles = M. V. . . 
I i t e r s 
= ( 7 . 3 7 9 x 1 0 ~ 2 m o l e s / 1 . ) x 0 . 2 6 1 8 x 1 0 ~ 3 1 . 
= 1 .932 x 1 0 ~ 5 m o l e s 
No. of moles of N ^ 73 .6°F = 24.6°C = 297 .8°A 
n = JPX 736 .9 mm. = b a r . p r e s s . 
RT 
2 3 . 2 mm. = v a p o r p r e s s , w a t e r a t 24 .6°C, 
713 .7 = p r e s s , of N 2 i f dry 
a t m . x 0 .6999 c u . f t . x ( 2 8 . 3 2 l . / c u . f t . ) 
( 0 . 0 8 2 0 6 a tm. 1 . /mole °A) x 297 .8°A) 
n = 
n = 0 . 7 6 1 3 
2 
No. of moles of d e c a l i n : 
N
D E C = G . D E G A U A = J L 2 3 1 4 = 0 .001674 
g. mol . w t . 1.382 
No. of moles ( t o t a l ) 
moles ( t o t a l ) = moles N_ + m o l e s d e c . + moles C,H..Br 
I o J 
= 0 . 7 6 1 3 + 0 . 0 0 1 7 + 0 .00001932 
= 0 . 7 6 3 0 
P a r t i a l P r e s s u r e C^H cBr 
6 5 
m o l e s ( t o t a l 
PN TT _ 1.932 x 1 0 ~ 3 x 736 .9 mm. „ 9 
C 6 H 5 B r = : = 1 .866 x 10 mm. 
0 . 7 6 3 0 
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T a b l e 9 
g . d i l u t e d t o D i l u t i o n , F u r t h e r D i l u t i o n , 0 . D. e 
10 m l . m l . t o m l . g. t o g. 
0 .1289 0 . 4 1 7 3 - 10 .00 a ) 1..293 
b) 1.778 
3 . 5 4 0 
3 . 663 
0 . 3 7 1 
0 . 4 8 5 
147 .5 
145 .1 
0 . 1 1 1 3 a ) 0 . 1 1 3 9 - 10 .00 
b ) 0 . 1 4 8 6 - 10 .00 
0.226 
0.296 
139 .2 
139.-8 
Av. e - 142 .9 +. 3 . 4 
E x t i n c t i o n C o e f f i c i e n t of Benzene i n D e c a l i n a t a Wave L e n g t h of 
261 mjj, and S l i t Width of 0 . 2 8 mm. 
T a b l e 10 
E x t i n c t i o n C o e f f i c i e n t of Bromobenzene i n D e c a l i n a t a Wave L e n g t h 
of 272 m(j, and S l i t Width of 0 . 20 mm. 
g. d i l u t e d D i l u t i o n * F u r t h e r D i l u t i o n , 0 . D. e 
t o 10 ml . g, t o g:. g. t o g. 
0 . 2 8 2 9 0 . 3 1 8 9 - 8 . 8 8 3 a ) 0 . 9 3 3 1 - 3 . 4 7 8 
b ) 1 . 3 3 8 - 3 . 4 2 9 
0 . 2 1 3 1 0 . 3 3 4 9 - 8 . 9 4 4 a ) 2 . 1 5 1 - 3 . 7 9 1 
b ) 1 . 9 3 9 - 3 .557 
0 . 2 5 8 148 .6 
0 . 3 6 7 1 4 5 . 3 
0 . 4 2 0 1 4 5 . 3 
0 . 4 0 9 147 .7 
Av. e = 146 .7 + 1.4 
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T a b l e 11 
g. D i l u t e d D i l u t i o n , F u r t h e r D i l u t i o n , 0 . D. 
t o 10 ml . g. t o g. g. t o g. 
0 . 3 1 8 8 • 0.-2292 8 . 8 4 3 a ) 1 . 4 6 4 - 3 . 7 7 1 0 . 4 1 9 3 0 8 . 3 
b ) 0 . 9 9 1 0 - 3 . 7 2 9 0 . 3 0 0 3 1 9 . 8 
0 . 2 4 7 5 0 . 1 1 3 1 3 . 7 4 1 a ) 1 . 4 8 3 - 3 . 700 0 . 3 9 4 3 1 0 . 0 
b ) 1 . 1 1 0 - 3*625 0 . 3 0 5 3 1 4 . 2 
Av, e - 313 ,0 ± 3 . 9 
E x t i n c t i o n C o e f f i c i e n t of in-Di bromobenzene i n D e c a l i n a t a Wave L e n g t h 
of 279 mp; a n & S l i t Width of 0 . 2 0 mm. 
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T a b l e 12 
g. D i l u t e d t o 10 m l . 0 . D. - e 
3 .949 x 1 0 " 3 0 . 4 3 9 
4 . 5 7 8 x I O * 3 0 . 5 2 1 
5 .119 x 1 0 ° 3 0 . 5 7 8 
26.2.2 
268 .4 
266 .4 
Av. e •- 2 6 5 . 7 + 2 . 3 
E x t i n c t i o n C o e f f i c i e n t of .p_-Dibromobenzene i n D e c a l i n a t a Wave L e n g t h 
of 283mu. and S l i t Width of 0 . 20 mm,. 
T a b l e 13. 
73 
g, C 6 H 5 N 0 2 D i l u t i o n , 
d i l u t e d t o 10 m l . g. t o g. 
F u r t h e r 
D i l u t i o n , 
g. t o g. 
0 . D. 
4 .262 x 10 - 2 
9 . 7 0 8 x 10 .-3 
1.2501 - 9 . 2 1 1 1 
0 . 9 8 5 4 * - 8 . 6 4 0 1 
0i@642 - 8.7939 
a) none 0 . 4 4 9 8 , 3 8 0 
b) 1 . 6 5 3 5 - 3 . 3 8 7 8 0 . 2 2 5 8 , 6 0 4 
c ) 2 . 2 4 8 1 - 3 . 7 3 7 5 0 . 2 7 1 8 , 4 0 8 
a ) none 0 . 4 9 4 8 , 5 8 1 
b) 1 . 8 3 9 2 - 3 . 6 0 5 3 0 . 2 4 9 8 , 4 7 8 
Av. e - 8 , 4 9 0 ± 81 
T h i s s o l u t i o n was made from t h a t d i l u t i o n g i v e n d i r e c t l y 
a b o v e . 
E x t i n c t i o n C o e f f i c i e n t of N i t r o b e n z e n e i n D e c a l i n a t 254 fep, .and S l i t 
Width of 0 . 2 8 mm. 
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T a b l e 14 
Cone, of S o l u t i o n , M 0 . D. e 
1.19 x 10 0 .589 4 , 9 5 0 
9 .49 x 1 0 " 5 0 . 4 9 3 5 ,190 
7 .31 x 10" 5 0 . 4 0 2 5 ,500 
5 .58 x 1 0 " 5 0 . 289 5 ,140 
Av. e = 5 ,195 ± 150 
E x t i n c t i o n C o e f f i c i e n t of , 21 - D i n i t r o b e n z e n e i n D e c a l i n a t a Wave L e n g t h 
of 267 mp, and S l i t Width of 0 . 2 0 mm. 
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T a b l e 15 
a 
D i l u t i o n , , g. t o g. 0 . D. 
0 .5409 - 3 . 6201 0 . 4 7 0 11 ,320 
0 .5954 - 3 .6628 0 . 4 8 8 10 ,810 
0 .4194 - 3 .5429 0 , 3 6 6 11 ,110 
0 .6619 - 3 . 6 4 7 3 0 . 5 5 2 10 ,950 
Av. e = l l r 0 5 0 ± 170 
4 , 2 6 2 x 10 Gs of j3 - d i n i t r o b e n z e n e was d i l u t e d t o 1 0 . 0 ml . i n a 
vo lumetr ic? f l a s k . The d i l u t i o n s g i v e n a r e from t h i s s o l u t i o n . 
E x t i n c t i o n C o e f f i c i e n t of j D - D i n i t r o b e n z e n e i n * D e c a l i n a t a Wave L e n g t h 
of 255 mix and S l i t Width of 0 . 1 5 mm. 
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T a b l e 16 
Vapor P r e s s u r e of Benzene 
Cu<. f t . Temp*., B a r , g. Cond. - P . , mm, 
N 2 °F P r e s s . , 
1
 mm. 
0 . 1 7 7 3 7 7 . 2 7 4 4 . 2 3 .7665 147 .3 
0 .1897 83*0 744 .0 3 . 9 6 0 3 146 .3 
0 . 1 9 8 1 8 2 . 9 7 4 0 . 9 4 . 0 8 4 5 146 .4 
0 . 1 9 9 9 8 0 . 3 7 4 0 . 2 4 . 1 8 2 9 146 .9 
0 . 2 0 0 8 8 5 . 3 740 .2 4 . 0 9 0 9 145 .9 
Av.. P . = 146 .5 ± 0 . 4 mm. 
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S p e c i a l Case of Benzene S o l u t i o n s 
I t was found t h a t s o l u t i o n s of b e n z e n e i n d e c a l i n w e r e d e p l e t e d 
i n benzene s o l u t e so r a p i d l y t h a t s p e c i a l p r e c a t u t i o n s w e r e n e c e s s a r y . 1 
An a d d i t i o n a l two s a t u r a t o r t u b e s were l o a d e d w i t h s o l u t i o n t o d e c r e a s e 
t h e t ime r e q u i r e d t o e q u i l i b r a t e t h e empty t u b e s w i t h o r g a n i c v a p o r s . 
S i n c e minimum q u a n t i t i e s of n i t r o g e n were u s e d , t h e amounts of c o n d e n s a t e 
t h a t r e s u l t e d w e r e t o o s m a l l t o we igh a c c u r a t e l y . D e c a l i n was added i n 
known amounts w h i l e t h e c o n d e n s a t e was s t i l l f r o z e n . T h i s s e r v e d t o wash 
t h e t r a p and r e t a r d l o s s of b e n z e n e t h r o u g h e v a p o r a t i o n . The w e i g h t *of 
b e n z e n e s o l u t i o n o r i g i n a l l y c o l l e c t e d was n e g l e c t e d . The r e s u l t i n g 
s o l u t i o n was s u i t a b l y d i l u t e d and a n a l y z e d . 
Even s o , d e p l e t i o n of a l l c o m p a r t m e n t s was a f a c t o r r e q u i r i n g 
c o r r e c t i o n . A n a l y s e s of s o l u t i o n s r e m a i n i n g i n t h e s a t u r a t o r a f t e r t h e 
p a s s a g e of 0 . 4 c u b i c f o o t of n i t r o g e n showed 5 . 3 2 p e r c e n t d e p l e t i o n i n 
t h e l a s t compartment t h a t c o n t a i n e d s o l u t i o n . Assuming a l i n e a r 
d e p l e t i o n , t h i s would c o r r e s p o n d t o a 1 .33 p e r c e n t d e p l e t i o n p e r r u n 
of 0 . 1 c u b i c f o o t . Thus , a c o r r e c t i o n f a c t o r of o n e - h a l f t h i s d e p l e t i o n 
would be a p p l i e d t o t h e f i r s t run. , one and o n e - h a l f t h i s p e r c e n t a g e t o 
t h e second r u n , two and o n e - h a l f t o t h e t h i r d r u n , and t h r e e and o n e -
h a l f t o t h e f o u r t h r u n . These f a c t o r s w e r e u s e d f o r t h e c o r r e c t e d 
c o n c e n t r a t i o n shown i n t h e t a b l e s d e a l i n g w i t h b e n z e n e s o l u t i o n s . 
These t a b l e s a r e 17, 18, and 19. 
T a b l e 17 
P a r t i a l P r e s s u r e s of Benzene in A p p r o x i m a t e l y 0 . 1 M S o l u t i o n s i n D e c a l i n 
C o n e . , C o r r . C o n e . , Cu. f t . Temp. , B a r . g. Cond. D i l u t i o n , 0. D. P . , P . / C o n e . 
M °F P r e s s . , + d e c a l i n g. t o g. .mm. 
z 
. . . mm. 
0 . 1 1 2 3 0 . 1 1 4 6 a 0 . 1 0 0 0 7 6 . 3 7 4 8 . 0 4 . 3 7 8 0 .0909 - 3 . 6 1 6 0 .362 3 .364 30 .57 
0 . 1 1 1 8 0 . 1 1 4 i a 0 . 1 0 0 3 72 .5 7 4 1 . 9 4 . 5 6 5 0 . 0 8 7 3 - 3 . 727 .0 .337 3 .457 3 1 . 5 6 
0 . 1 1 1 8 
•L. 
0 . 1 1 5 6 0 . 1 0 0 0 71 .8 7 4 1 . 9 5 .491 O.T709 - 3 . 7 5 1 0 .529 3 .360 31 .09 
A 1 1 1 O 
U . L i. L U 
c 
r\ l 1 T O r> i 
KJ . L i . / J U . i U U U 71.7 ~l 1. 1 c\ 4 . 5 3 5 0 .1208 - 3 . 610 r\ i / i a U . M - D O J . J M - U o i n -1 J 1 . L 1 
Av. P. . /Cone. = 3 1 . 12 ± 0 . 3 1 
a 
These r u n s c o r r e s p o n d t o t h e second 0 . 1 c u . f t . of p a s s e d t h r o u g h t h e s a t u r a t o r * 
b 
T h i s r u n c o r r e s p o n d s t o t h e t h i r d 0 . 1 cu . f t . of used.. 
c 
Th i s r u n c o r r e s p o n d s to t h e f o u r t h 0 . 1 c u . f t . of u s e d . 
o o 
T a b l e 18 
P a r t i a l P r e s s u r e of Benzene i n a 1.072 x 1 0 ° 2 M S o l u t i o n i n D e c a l i n 
Cu. f t . Temp. , B a r . g. Cond. D i l u t i o n , 0. D. P r e s s . , C o r r . C o n e . , P./Cone. 
N °F P r e s s . , + d e c a l i n g. t o g. mm. M 
mm. 
o . i o o o a 7 6 . 6 7 4 0 . 0 4.3.64 0 . 8 4 0 6 - 3 . 5 8 1 0 .329 0 . 3 2 8 0 1.094 x 1 0 ~ 2 3 1 . 2 2 
o . i o o o b 7 7 . 0 7 4 0 . 0 4 , 5 2 8 0 .9682 ~ 3 .689 0 .349 0 . 3 2 3 3 1.109 x IO"*2 3 1 . 1 9 
c 0 ,360 - 2 0 .1001 7 7 . 5 7 4 0 , 0 4 , 4 7 9 0 ,9417 - 3 , 581 0 ,3295 1.124 v i n 3 2 . 2 4 
Av. P . /Cone. = 3 1 . 5 5 ± 0 . 4 6 
a 
Thi s r u n c o r r e s p o n d s t o t h e second 0 . 1 cu . f t . of u s e d . 
b 
T h i s r u n c o r r e s p o n d s t o t h e t h i r d 0 . 1 cu . f t . of u s e d . 
Th i s r u n c o r r e s p o n d s t o t h e f o u r t h 0 . 1 cu . f t . of N u s e d . 
c 
T a b l e 19 
- 2 
a 
T h i s r u n c o r r e s p o n d s t o t h e second 0 . 1 cu . f t . of u s e d . 
b 
T h i s r u n c o r r e s p o n d s t o t h e t h i r d 0 . 1 cu . f t . of u s e d . 
T h i s r u n c o r r e s p o n d s t o t h e f o u r t h 0 . 1 c u . f t . of N ? u s e d . 
c 
P a r t i a l P r e s s u r e of Benzene i n a 3 .682 x 10 M. S o l u t i o n in D e c a l i n 
Cu. f t . Temp. , B a r . g. Cond. D i l u t i o n , 0 . D. P r e s s . , C o r r . C o n e , P . / C o n e . 
N 2 °F P r e s s . , + d e c a l i n g. t o g. mm. M 
mm. 
0 . 1 0 0 G a 7 4 . 5 7 4 4 . 8 4 . 4 3 1 1 0 . 2 3 0 8 - 3 . 4 8 6 0 .325 1.158 3 .757 x 10" 2 3 2 . 0 9 
0 . 1 0 0 0 b 75 .2 744..8 4 .4049 0 . 2 0 9 6 - 3 . 5 8 3 0 .285 1.144 3 .809 x 1 0 ~ 2 32 . 14 
0 . 1 0 0 1 ° 7 5 . 6 7 4 4 . 8 4 .2289 0 . 2 8 4 4 - 3 . 5 4 1 0 .398 1.119 3 .8£2 x 10" 2 3 1 . 8 8 
Av. P . / C o n e . = 32 .04 ± 0 . 1 0 
81 
T a b l e 20 
Vapor P r e s s u r e of Bromobenzene 
Cu. f t . Temp. , B a r . g. Cond. P . , mm, 
N : °F P r e s s . , 
mm.
 a 
0 . 2 0 0 1 7 5 . 6 744 .9 0 . 3 4 8 1 7 .393 
0 . 2 0 0 0 7 5 . 0 744.-9 0 . 3 5 0 8 7 .444 
0 . 2 0 0 0 7 5 . 0 744 .9 0 . 3 6 0 4 7 .647 
0..2002 7 9 . 0 743 .0 0 .3472 7 .443 
Av, P . = 7 . 4 8 3 ± 0 . 0 8 3 mm. 
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Cu. f t . , Temp.., B a r , D i l u t i o n , 0 . D. P . , mm. 
5 r e j 
JUk. 
N 2 ° F P r e s s , , g . t o g . 
0 . 4 0 0 0 7 1 . 2 7 3 3 . 3 0 . 1 5 1 2 * - 8 . 1 4 0 
0 . 9 2 8 6 - 3 ,656 0 , 4 3 1 0 . 1 7 5 3 
0 . 4 0 0 0 7 1 . 0 7 3 3 . 3 0 . 1 5 4 5 a - 8 , 175 
0 , 5 8 8 5 - 3 , 7 2 4 0 , 2 7 4 0 .1799 
0 .8000 7 0 . 9 7 3 3 . 3 0 . 3 3 1 0 a - 8 , 2 9 3 
0 . 5 1 3 3 — 3 .762 0 . 4 6 1 0 .1778 
0 . 5 0 0 0 7 0 . 3 7 3 3 . 3 0 . 2 0 8 7 a - 8 , 449 
0 , 6 0 9 3 - 3 .765 0 , 3 5 6 0 .1886 
Av. P . = 0 .1804 ± 0 . 0 0 4 1 mm. 
a 
Grams of c o n d e n s a t e 
- 2 
P a r t i a l P r e s s u r e of Bromobenzene i n a 9 .769 x 10 M S o l u t i o n i n D e c a l i n 
T a b l e 22 
- 2 
P a r t i a l P r e s s u r e of Bromobenzene i n 1.045 x 10 M. S o l u t i o n i n D e c a l i n 
Cu. f t . 
N 2 
Temp. , 
°F 
B a r . 
P r e s s . , 
mm. 
D i l u t i o n , 
g . t o g„ 
0. D. 
2 
10 P . , mm. 
0 .6999 7 6 . 3 736 .9 0 . 2 3 4 3 a - 6 . 606 0 . 3 8 4 c 1 .866 
0 .4000 7 7 . 4 736 .9 0 . 1 5 2 i a - 4 . 5 8 1 0 . 3 3 4 c 1.975 
0 . 4 0 0 2 6 9 . 2 736 .0 0 . 1 5 4 1 a - 4 . 1 5 6 0 . 3 6 7 c 1 .926 
0 . 4 0 0 1 7 0 . 5 736 .0 0 . 1 6 6 9 a - 3 . 9 4 8 0 . 3 8 8 c 1 .941 
Av. P . = ( 1 . 9 2 7 ± 0 . 0 3 1 ) x 1 0 ~ 2 mm 
a 
Grams of c o n d e n s a t e 
84 
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Cu. f t . 
of Nn 
Temp. , 
°F 
B a r . 
P r e s s . , 
nana.-. 
g. Cond, P . , mm, 
0 . 6 0 0 3 
0 .7002 
0 .7000 
0 .7000 
7 2 . 4 
7 3 . 5 
7 4 . 5 
7 3 . 8 
7 4 2 . 2 
7 4 2 . 2 
742.-2 
7 4 2 . 2 
0 .0916 
0 . 1 1 0 1 
0 .1059 
0 . 1 1 0 1 
0 . 4 2 1 2 
0 .4357 
0 . 4 2 0 0 
0 .4364 
Av. P . = 0 . 4 2 8 3 + 0 .0077 mm. 
Vapor P r e s s u r e of m -Dibromobenzene 
85 
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P a r t i a l P r e s s u r e of m -Dibromobenzene i n a 9 .937 x 10 M S o l u t i o n i n 
D e c a l i n 
Cu. f t . Temp. , B a r . D i l u t i o n ^ 0 . „ D . . 2 10 P . , mm. 
N 2 
O p P r e s s . , g , t o g . 
mm. 
0 . 4 0 0 3 7 3 . 9 734 .8 0 . 1 6 4 3 a - 51507 0 . 3 6 2 c 1.210 
0 .3999 7 4 , 7 734 .8 0 . l 7 4 6 a - 5 . 8 8 1 0 . 3 5 0 1.240 
0 .4000 75 .7 734 ,8 0 . l 6 9 0 a - 5 . 4 7 3 0 . 3 7 5 1.238 
0 . 4 0 0 1 7 6 . 8 743 .8 • 0 . 1 6 9 2 3 - 5 . 5 2 6 0 . 3 7 5 1.254 
- 2 
Av. P . = ( 1 . 2 3 6 + .0 .013) x 10 mm, 
a 
Grams of c o n d e n s a t e * 
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Cu. f t . Temp. , B a r . D i l u t i o n , 0 . D. 
3 
10 P . , mm. 
N 2 °F Press; •» g. t o . g. 
mm. 
2 .5000 IK.2 736 .5 1.-004* - 3 .657 0 . 3 5 9 1.262 
2.000(3 7 0 . 8 740 .9 0 . 7 9 9 0 a - 3 .437 0 . 3 2 0 1.307 
2 .5090 7 3 . 5 740 .9 1 . 0 2 6 a - 4 . 5 6 3 0 . 3 0 4 1.324 
1 .7000 6 7 . 9 7 4 6 . 6 0 . 6 9 3 i a - 3 .308 0 . 2 8 2 1.308 
Av. P . - ( 1 . 3 0 0 ± 0 . 0 1 9 ) x 1 0 " 3 mm. 
a 
Grams of c o n d e n s a t e 
P a r t i a l P r e s s u r e of iQ-Dibromobenzene i n a L.014 x 10 M S o l u t i o n i n 
D e c a l i n . 
Table- 26 
Cu. f t . Temp. , B a r . D i l u t i o n , 0 . D. P . . , mm, 
N 2 °F P r e s s . , g. t o g. 
mm. 
0 . 4 9 9 8 7 7 . 4 7 3 9 , 6 0 . 1 7 0 0 a 
-
5 .397 
0 .3170 
-
3 . 8 3 1 0 . 3 4 2 0 . 1 2 7 1 
0 . 4 0 0 0 7 7 . 3 7 3 9 . 6 0 . 1 5 3 i a 4 . 9 8 0 
0 . 3 8 5 2 — 3 .795 0 . 3 8 5 0 . 1 3 5 1 
0 . 4 9 9 9 7 7 . 4 7 3 9 . 6 0 . 1 6 9 4 a 5 .422 
0 . 2 8 2 8 - 3 . 7 1 8 0 . 3 5 8 0 . 1 4 5 5 
0 .3000 7 6 . 7 741 .0 0 . 1 1 . 3 3 a - 4 . 2 2 2 
0 . 4 1 3 3 
-
3 .592 0 . 3 8 0 0 . 1 3 2 4 
0 . 3 0 0 0 7 7 . 4 741 .0 0 . 1 1 l 6 a — 4 . 6 3 2 
0.32.31 
-
3 .728 0 . 2 6 9 0 . 1 3 6 8 
0 .3000 7 8 . 0 741 .0 0 . 1 0 l 6 a 
-
4 . 5 3 4 
0 .2469 — 3 . 6 8 1 0 . 2 0 0 0 . 1 2 8 8 
0 . 3 0 0 0 7 8 . 7 738 .0 0 . 1 0 9 i a 
-
4 . 5 6 3 
0 . 4 1 4 4 -— 3 .664 0 . 3 3 2 0 , 1 2 7 9 
0 . 3 0 0 1 7 8 . 8 738 .0 0 . 1 0 8 i a 
-
4 . 5 2 4 
0 .5292 
-
3 . 8 1 4 0 . 4 1 3 0 .1285 
0 . 3 0 0 0 7 8 . 9 738 .0 0 . 1 0 3 5 a — 4 . 6 0 8 
0 .3399 — 3 . 7 7 3 0 . 2 7 2 0 .1355 
0 . 3 0 0 0 7 8 . 9 738 .0 0 . 1 0 6 4 a 
-
4 . 6 7 2 
0 .2637 
-
3 . 6 0 4 0 . 2 2 8 0 . 1 3 9 1 
Av. P . = 0 .1355 ± 0 . 0 0 4 5 mm. 
a 
Grams of c o n d e n s a t e 
P a r t i a l P r e s s u r e of j 3 - D i b r o m o b e n z e n e i n a S a t u r a t e d S o l u t i o n i n D e c a l i n 
88 
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P a r t i a l P r e s s u r e of j>rDibromobenzene i n a 1.061 -2 
x 10 M S o l u t i o n i n 
D e c a l i n 
Cu, f t . Temp. 9 B a r . Di l u t i o n . 0 . D. 1 0 3 P . , n 
©p P r e s s . , g . t o g . 
Cm 
mm. 
2 .0000 7 6 . 4 7 4 3 . 1 0 .7647 - 3 .764 ' 0 . 2 4 6 1.321 
1.8000 7 2 . 9 7 3 7 . 3 0 .6987 - 3 .272 0 . 2 7 3 1.395 
1.8000 73 .7 7 3 7 . 3 0 . 6 8 7 1 - 3 . 3 0 6 0 . 2 5 9 1 .343 
1.4000 7 4 . 4 7 3 7 . 3 0 . 5 5 9 4 - 3 . 0 0 6 0 . 2 3 9 1.452 
1 .6000 7 6 . 9 7 3 4 . 3 0 . 6 2 2 3 - 3 . 3 2 1 0 . 2 4 0 1.420 
Av. P . = ( 1 . 3 8 6 ± 0 . 0 4 3 ) x 10 mm. 
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P a r t i a l P r e s s u r e of jD - D i b r o m o b e n z e n e i n a 3 . 2 1 1 x 10 M, S o l u t i o n i n 
D e c a l i n 
Cu. f t . Temp. B a r . D i l u t i o n , 0 . D. 10 P . , mm. 
°F P r e s s . , g, t o g. 
^ mm, . 
0 . 6 0 0 0 7 8 . 8 7 4 0 . 6 0 . 2 2 2 i a - 3 . 2 9 5 0 . 2 5 9 c 4 . 0 7 5 
0 .6000 7 9 . 1 740 ;. 6 0 . 2 2 1 9 a - 3 , 239 0 . 2 6 2 c 4 . 0 5 5 
0 . 6 0 0 0 7 5 . 0 7 4 5 . 0 0 . 2 3 6 0 a - 3 . 254 0 . 2 9 5 4 . 5 3 3 
0 . 5 0 0 1 7 4 . 9 745 .0 0 . 1 9 3 0 a - 3 .302 0 . 2 2 5 4 . 2 0 8 
0 . 5 0 0 0 7 4 . 8 745 .0 0 . 1 9 2 6 a - 3 . 2 6 8 0 . 2 3 0 , 4 . 2 5 2 
Av. P . = ( 4 . 2 2 4 ± 0 . 1 3 4 ) x 10 mm. 
a 
Grams of c o n d e n s a t e 
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Vapor P r e s s u r e of N i t r o b e n z e n e 
Cu. f t . Temp. , B a r . g. Cond. P . , mm. 
N ? °F P r e s s . , 
1
 mm. 
2 ,9009 7 7 . 8 7 4 1 . 1 0 .3225 0 . 5 9 0 3 
3 . 1 0 2 3 7 8 . 4 739 .9 0 . 3 4 8 4 0 . 5 9 8 1 
2 .9003 7 6 . 0 740 .7 0 .3259 0 .5937 
2 .7005 7 3 . 6 7 4 3 . 0 0 . 3 1 7 3 0 .6178 
Av. P . = 0 .6000 ± 0 .0089 mm. 
91 
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P a r t i a l P r e s s u r e of N i t r o b e n z e n e i n a 3 .462 x 10" • 2 M S o l u t i o n i n D e c a l i n 
Cu, f t . 
N 2 
Temp. , 
°F 
B a r . 
P r e s s . , 
mm. 
D i l u t i o n , 
g. t o g . 
0 . D. 
3 
10 P . , mm 
0 . 5 9 9 8 7 4 . 9 7 3 8 . 2 0 .2224* -
0 . 4 8 0 6 , -
9 .205 
3 .594 0 . 2 9 4 2 .992 
0 . 6 0 0 0 7 5 . 3 7 3 8 . 2 0 . 2 1 3 2 * -
0 . 8 5 1 9 -
9 . 2 8 3 
3 .459 0 . 5 1 0 1.842 
0 . 5 0 0 0 7 5 . 3 738 .2 0 , 1 8 4 3 a -
0 . 8 8 5 5 -
7 .996 
3 . 6 2 6 0 . 5 2 0 3 .022 
0 .4987 7 3 . 3 7 4 8 . 1 0 . 1 8 l 3 a -
0 .6939 -
8 . 7 6 6 
3 .667 0 . 3 6 3 2 .975 
0 . 5 0 0 2 7 5 . 0 7 4 5 . 1 0 . 1 9 0 1 * -
0 . 6 2 3 4 -
9 . 3 3 3 
3 .687 0 . 3 1 0 3 . 0 3 1 
0 . 4 0 0 2 7 5 . 0 7 4 5 . 1 0 . 1 4 6 3 3 -
0 . 7 0 1 8 -
8 . 5 9 1 
3 .322 0 . 3 3 7 3 .035 
Av. P . = ( 2 . 9 8 3 ± 0 . 0 4 9 ) x 1 0 " 3 mm. 
a 
Grams of c o n d e n s a t e . 
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Cu. f t . Temp.., B a r . D i l u t i o n , 0 . D. 10 P . , mm. 
N 2 °F. P r e s s , , 
mm. 
g. t o g. 
0 . 6 0 0 2 74 .0 731 .1 0 . 2 0 3 7 * - 5 ,72£ 0 . 3 2 9 2 .771 
0 . 6 0 0 1 7 4 , 6 731 .1 0 . 2 1 1 7 * - 5 . 5 6 1 0 . 3 5 4 2 .907 
0 .6002 7 4 . 9 735 .5 0 . 2 1 7 4 a - 5 .209 0 . 3 6 0 2 .770 
0 . 6 0 0 2 7 5 . 2 735 .5 0 . 2 2 1 i a - 5 . 3 6 6 0 . 3 7 0 2 . 9 3 3 
Av. P . = ( 2 . 8 4 5 ± 0 . 0 7 5 ) x 10 mm. 
a 
Grams of c o n d e n s a t e 
I 1 * * 
T a b l e 31 
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P a r t i a l P r e s s u r e of N i t r o b e n z e n e i n a 3 .409 x 10 M. S o l u t i o n i n D e c a l i n 
93 
T a b l e 32 
- 3 
Cu. f t . 
N 2 
Temp. , 
°F 
B a r . 
P r e s s . , 
mm. 
D i l u t i o n , 
g. t o g. 
0 . D. 4 10 P . 
0 . 3 9 9 8 7 6 . 9 7 3 5 . 2 0 . 1 4 4 2 a - 9 . 4 3 4 0 . 4 3 4 9 .127 
0 . 4 0 0 0 7 7 . 3 735 .2 0 . 1 4 8 9 a - 9 . 8 5 1 0 . 4 1 2 9 . 0 5 5 
0 . 4 0 0 0 7 7 . 4 735 .2 0 . l 4 3 5 a - 9 . 6 1 3 0 . 4 2 0 9 .007 
0 . 4 0 0 2 7 7 . 2 7 3 5 . 2 0 . 1 4 6 9 a - 1 0 . 0 2 0 . 3 9 5 8 .824 
Av. P . - ( 9 . 0 0 3 ± 0 . 0 9 0 ) x 10 mm. 
a 
Grams of c o n d e n s a t e . 
P a r t i a l P r e s s u r e of N i t r o b e n z e n e i n a 1.150 x 10 M S o l u t i o n i n D e c a l i n 
T a b l e 33 
Cu. f t . Temp. , B a r . D i l u t i o n , 0 . D. 10 P . , mm. 
N 2 °F P r e s s . , 
mm. 
g- t© g. 
0000 7 4 . 4 740 .1 l , 2 7 5 3 a 11 .4253 
1 .293 
-
3 . 3 3 6 1 0-55-0 7 .887 
3 . 4000 8 3 . 8 738 .2 1 . 3 4 6 8 a — 9 .6738 
0 . 3 7 7 6 — 3 . 5 5 7 3 0 . 1 9 9 8 . 0 2 6 
CO
 1000 8 9 . 0 7 3 9 . 0 1 . 2 2 3 2 a 14 .2096 
1 .363 - 3 . 7 1 3 0 . 4 2 9 8 .207 
CO
 1391 8 4 . 5 738 .9 1.-2145* — 8 . 7 4 2 
1.409 
-
3 . 5 5 8 
1.709 3 . 8 7 4 0 , 348 8 . 3 7 5 
2 . 5998 7 6 . 2 740 .0 1 . 0 7 2 8 a — 9 .7097 
1.5631 
-
4 . 1 1 7 5 0 . 5 5 8 8 .050 
2. 5011 8 2 . 0 740 .8 1 . 0 2 5 5 a - 10 .030 
0..8528 3 .9408 0 . 3 0 1 8 .357 
Av. P. - ( 8 . 1 5 0 + 0 . 1 6 3 ) x 10 ^ mm. 
a 
Grams of c o n d e n s a t e 
P a r t i a l P r e s s u r e , of m - D i n i t r o b e n z e n e i n a S a t u r a t e d S o l u t i o n i n D e c a l i n 
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P a r t i a l P r e s s u r e of j > - D i n i t r o b e n z e n e i n a S a t u r a t e d S o l u t i o n i n D e c a l i n 
Cu. f t . Temp. , B a r . 
P r e s s . , 
mm. 
D i l u t i o n , 
g . t o g. 
0 . D. 10 P. , mm. 
2 . 5 0 0 9 7 6 . 6 741 .9 
2 .6016 74 .2 739 .8 
2 .5150 6 8 . 5 741 .4 
2 .6998 7 0 . 1 744 .0 
1 .0106 - 9 .7757 
1 .8845 - 3 . 5 0 3 3 
1 . 0 7 0 3 a - 1 0 . 4 9 5 
1.9765 - 3 .6184 
1 . 0 4 8 8 a - 8 . 7894 
0 . 9 0 1 8 - 3 . 6461 
1 . 1 1 2 4 a - 1 0 . 2 4 1 
1 ,8076 - 3 .5816 
0.445 
0 . 4 3 4 
0 . 2 4 5 
0 . 4 3 2 
2 .237 
2 .200 
2 .339 
2 .207 
Av. P . = ( 2 . 2 4 6 ± 0 . 0 4 7 ) X 1 0 ~ 4 mm. 
a 
Grams of c o n d e n s a t e 
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Vapor P r e s s u r e of D e c a l i n 
Cu. f t . Temp. , B a r . g. Cond. P . , , mm, 
N 2 °F P r e s s . , 
______________ . , mm. . .. 
0 . 4 0 0 1 77 .7 7 4 2 . 4 0 .1447 1 .753 
0 . 4 0 0 0 7 8 . 4 7 4 2 . 4 0 . 1 4 5 2 , 1 .764 
0 . 3 9 9 8 7 8 . 8 7 4 2 . 4 0 . 1 4 8 0 1 .801 
0 . 4 0 0 1 7 9 . 8 7 4 1 . 8 0 . 1 5 1 5 1.849 
0 . 4 2 4 1 7 9 . 6 7 4 1 . 8 0 . 1 5 5 6 1.807 
0 .4000 7 9 . 6 7 4 1 . 8 0 .1530 1.839 
0 .3999 7 9 . 4 7 4 1 . 8 0 . 1 5 3 4 1.870 
Av. P . = 1.811 ± 0 . 0 3 5 mm* 
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g. of S a t . ! D i l u t i o n , 0 . D. O r i g , Cone. 
S o l u t i o n 8« t o g. M 
0 . 8 8 4 2 0 .8842 
0 . 2 8 6 3 
0 .5845 
- 3 . 8 4 8 
-• 8 . 6 3 2 
- 3 . 7 4 5 0 . 3 1 0 0 .9809 
0 . 9 5 3 3 0 . 9 5 3 3 
0 . 3 3 3 3 
0 .4515 
- 3 . 810 
- 8 .425 
- 3 .648 0 . 3 0 2 0 . 9 2 8 0 
0 . 9 7 2 5 0 .9725 
0 .3387 
0 . 4 9 4 8 
- 3 .928 
- 8 . 8 1 8 
- 3 . 6 0 9 0 . 3 5 6 1.028 
Av. Cone. = 0 .9790 + 0 .0340 M 
S o l u b i l i t y of jv-Dibromobenzene i n D e c a l i n a t 35°C U 
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S o l u b i l i t y of __ - -Kn. i t robenzene i n D e c a l i n a t 35°C 
g. of S a t . D i l u t i o n , 0 . D. O r i g . C o n e . , M 
S o l u t i o n g- t o g. 
1 .1524 1.1524 —• 3 . 4 8 5 6 
_ o 
0 .1069 - 9 . 8 3 8 2 0 . 5 0 0 2 .681 x 10 
1 .048 1.048 _ 3 .728 
0 .3505 - 3 . 7 2 3 
0 .2427 - 3 . 2 7 4 0 . 2 3 0 2 .567 x 10 
1.109 1.109 — 3 . 7 3 6 
0 .5404 3 . 7 3 9 
_ 2 
0 .2602 — 3 . 6 6 1 0 .408 2 .576 x 10 
1.2 79 1.279 — 3 . 7 3 1 
0 .2915 - 3 .718 
— 2 
0 .3810s _ 3 .820 0 .347 2 .492 x 10 
Av. Cone. - ( 2 . 5 7 9 ± 0 . 0 5 1 ) x 10 M 
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S o l u b i l i t y of j£ -Din i trobenzene i n D e c a l i n a t 35°C 
g. of S a t . D i l u t i o n , 0 . D. ©r ig . Cone, 
S o l u t i o n g. t o g • M 
1,6621 1.6621 - 3 .6614 
0 .7128 - 8 .7040 
_ o 
2 .7358 - 8 . 7 5 2 0 0 . 7 1 1 5 .534 X 10 3 
2.438 2 .438 - 3 . 6 2 1 
0 .4687 - 9 . 2 5 6 
1.334 - 8 . 9 5 0 0 . 2 9 6 5 .272 X 10 3 
2 .528 2 .528 3 .689 
0 . 7 2 1 2 - 9 .240 
1.125 8 . 5 6 9 0 . 4 6 5 5 .990 X 10 3 
Av. Cone. = ( 5 . 6 0 0 ± 0 . 2 6 1 ) x 1 0 ~ 3 M 
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VITA 
Howard Wayne Haworth was b o r n on O c t o b e r 6, 1931 , i n P h i l a ­
d e l p h i a , P e n n s y l v a n i a , t h e son of M a r g a r e t ( n e e T r e s l e r ) and Wayne 
E. Haworth . A f t e r r e c e i v i n g h i s p r i m a r y and s e c o n d a r y e d u c a t i o n a t 
s e v e r a l l o c a t i o n s and g r a d u a t i n g i n 1949, he e n r o l l e d a t Emory 
U n i v e r s i t y . He r e c e i v e d a B a c h e l o r of A r t s d e g r e e i n C h e m i s t r y i n 
J u n e , 1953. I n J u n e , 1953, he e n r o l l e d i n t h e G r a d u a t e D i v i s i o n of 
t h e U n i v e r s i t y of Alabama, where he r e c e i v e d a M a s t e r of S c i e n c e d e g r e e 
i n C h e m i s t r y i n J u n e , 1955. He e n t e r e d t h e G r a d u a t e D i v i s i o n of t h e 
G e o r g i a I n s t i t u t e of Technology i n S e p t e m b e r , 1955. Whi le a t t h e 
G e o r g i a I n s t i t u t e of T e c h n o l o g y , he s e r v e d a s an I n s t r u c t o r of C h e m i s t r y 
from 1956 t o 1 9 6 1 . G r a n t s t o s u p p o r t h i s r e s e a r c h were r e c e i v e d from 
t h e R a y o n i e r C o r p o r a t i o n , t h e N a t i o n a l S c i e n c e F o u n d a t i o n , and t h e 
A l f r e d P . S l o a n F o u n d a t i o n . 
He m a r r i e d t h e former P h y l l i s H. Woodward i n S e p t e m b e r , 1953, 
and h a s one c h i l d , Howard Wayne, J r . 
